In September 2015, under the leadership of United Nations Secretary-General Ban Ki-Moon, the international community took a huge step forward for people, the planet, and prosperity with the adoption of the 2030 Agenda for Sustainable Development. The 17 Sustainable Development Goals (SDGs) pave a brave path towards a world of equity and inclusion, health, including sexual and reproductive health and reproductive rights, education, and greater equality ([@CIT0001_29978]).

Over the 1990--2015 timeframe of the Millennium Development Goals and, particularly since the 1994 International Conference on Population and Development, considerable progress has been made in women\'s sexual and reproductive health, including increases in contraceptive use globally, expanded access to skilled maternity care, and the reduction of new HIV infections and maternal and newborn deaths. The secretary-general\'s 'Every Woman Every Child' strategy ([@CIT0002_29978]) has catalysed increased leadership and commitment from governments and strong support from all partners, including United Nations agencies, non-governmental organisations, foundations, academia and professional associations.

Behind the positive global trends, however, lie significant differences among and within countries. For example, around 225 million women in low- and middle-income countries (LMICs) who do not want to become pregnant are not using modern contraception. It is estimated that 30 million unplanned births and 40 million abortions, half of them illegal and unsafe, occur annually. An estimated 499 million new sexually transmitted infections (excluding HIV) occur annually, approximately half among girls and women ([@CIT0002_29978], [@CIT0003_29978]).

The papers in this Special Issue reinforce the centrality of universal access to modern contraception within the SDGs and targets set for 2030 ([@CIT0001_29978]). Indeed the research and findings presented here point to an ecological correlation between satisfying demand for family planning using modern contraceptives and economic development ([@CIT0004_29978]). To reach the proposed benchmark of 75%, demand satisfied with modern methods of contraception would need to increase by 2.2 percentage points annually between 2014 and 2030 -- more than double the current projections on average across the 63 countries analysed. Such rapid progress would require significant effort, particularly to meet needs among adolescent girls. If the 75% benchmark were achieved, 334 million women across the LMICs studied would use a modern contraceptive method by 2030, compared to 226 million women in 2014.

Strategies to increase family planning coverage (FPC) have to be backed up by effective metrics for assessing progress. For this purpose, a new FPC indicator has been developed by the authors in this special issue, based on the prevalence of contraceptive use ([@CIT0005_29978]).

Although coverage is an important indicator, meeting unmet needs and ensuring universal access to human rights-based family planning will not be achieved without addressing equity and quality issues. In this Special Issue, some authors have taken a detailed look at differences in access and use at the subnational level and over time in three countries: Burkina Faso, Ethiopia, and Nigeria ([@CIT0006_29978]--[@CIT0008_29978]). In all three cases they discovered substantial variations in modern contraceptive use between rural and urban areas and by other socio-economic factors. Consistently across all three countries the results confirm an association between fertility history and modern contraceptive use, as well as between low modern contraceptive use and higher birth risks, leading to increased child mortality. Moreover, women living in rural areas have significantly higher odds of avoidable birth risks (and hence child mortality) compared to their counterparts living in urban areas. In Burkina Faso short birth spacing ranked as the highest risk in relation to child deaths ([@CIT0006_29978]).

As the world aspires to a situation in which every adolescent girl and woman has easy access to comprehensive sexuality education and contraceptive services, studies here on contraceptive use among sexually active adolescents in Burkina Faso, Ethiopia, and Nigeria ([@CIT0009_29978]) and postpartum family planning uptake in Ethiopia, Malawi, and Nigeria ([@CIT0010_29978]) also highlighted equity and quality issues. Health systems must address these issues as the global community moves towards universal access. Marriage at very young ages is not only a human rights issue in itself, but also a barrier to modern contraceptive use, and it thus disempowers girls. Adolescent girls experience significant inequality in access to modern contraception by education, residence, and wealth quintile. The results from Ethiopia, however, show that leadership and commitment at the country level can bring change. The authors reported a significant and systematic reduction of inequalities, but also a narrowing of the equity gap, most notably for childbearing adolescents with no education or living in rural areas.

Mortality risks associated with low birth spacing have been further studied to assess potential confounding in the association between short-birth intervals and increased neonatal, infant, and child mortality in order to better inform attributable effects ([@CIT0011_29978]). After adjusting for confounding, the authors reported that neonatal, infant, and child mortality remained strongly and significantly related to short birth intervals, albeit with a one third reduction in the attributable risk ratio.

Any resilient health system must take into account the provision of reproductive, maternal, newborn, and adolescent health services across the life cycle, including easy access to family planning. The findings in these papers point to missed opportunities for integrating maternal and newborn health, including failure to combine child immunisation with family planning, as the factor most associated with the non-uptake of modern contraception in the postpartum period ([@CIT0010_29978]).

As we celebrate the historic adoption of the SDGs and look ahead to their implementation, access to family planning represents an important entry point and a marker for universal access to reproductive health and rights. Access to modern contraception reduces the risks of maternal and newborn deaths ([@CIT0011_29978]) as well as reducing lifetime parity, and thus it affects health, life expectancy, and the dependency ratio. The availability of family planning affects education prospects and human capital among adolescent girls by preventing teenage pregnancies and enabling girls to stay in school. It could also improve access to food and reduce hunger by reducing the dependency ratio. Urbanisation and population dynamics are intrinsically linked, particularly internal and external migration, which have poverty as a root cause. Access to modern contraception can spur the economy, protect the environment, and contribute to overall poverty reduction.

The research findings in this Special Issue, which come from distinguished scientists in United Nations agencies, non-governmental organisations, and universities, present a range of global and local policy and programmatic priorities to address measurement, coverage, impact, quality and equity issues in family planning services, which are integral to the global sustainable development agenda. This is particularly important for countries in sub-Saharan Africa. We thus call on world leaders and financiers to join forces and work towards the future we want, a future in which every pregnancy is wanted, every birth is safe, and every young person\'s potential is fulfilled.
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> Achieving universal access to sexual and reproductive health care services is a target of the post-2015 Sustainable Development Goals (SDGs). To monitor progress, a measure (demand for family planning satisfied with modern contraceptive methods) and a benchmark (at least 75% by 2030 in all countries) have been recommended. This paper assesses the prospects of reaching the benchmark at the national level in 63 selected countries. Study results show that substantial effort is needed to accelerate rates of progress, by a factor of 2 in most study countries, suggesting a need for strategic planning, including resource allocation, at the global and country levels.

Expanding access to family planning has been a key objective of health and development programmes for decades. The 2012 London Summit on Family Planning and other global and regional initiatives brought renewed emphasis on family planning\'s importance to health ([@CIT0001_29734]--[@CIT0003_29734]), economic wellbeing ([@CIT0004_29734]), empowerment, and environment ([@CIT0005_29734]). Accelerating family planning\'s progress is again a driving aim of the international community and many individual countries.

Aligning with global and local initiatives and evidence, the Sustainable Development Goals (SDGs) include the target of 'universal access to sexual and reproductive healthcare services, including for family planning, information and education, and the integration of reproductive health into national strategies and programmes' ([@CIT0006_29734]). To track the progress of this target, a measure (demand for family planning met with modern contraceptive methods) and a benchmark (at least 75% by 2030 in all countries) have been suggested ([@CIT0007_29734]) and have received positive feedback from the international family planning community and beyond. Recently, the United Nations Technical Support Team to the General Assembly Open Working Group on the SDGs recommended the indicator, and scores of national statistics organisations described it as 'highly relevant' to the SDGs ([@CIT0008_29734]).

The measure reflects the aim of family planning programmes -- to support the rights of individuals and couples to choose whether and when to have a child by providing them with effective means to implement their decisions -- and promotes voluntarism, informed choice, rights, and equity ([@CIT0007_29734], [@CIT0009_29734]). The proposed benchmark aligns with current levels of demand for family planning being satisfied in most developed countries and for various subpopulations in developing countries, as well as with historical experiences of formerly low-income countries ([@CIT0007_29734]). The benchmark is also ambitious: it will only be achieved if progress towards meeting demand for family planning is accelerated, especially in low-income countries.

It is critical to understand the progress that will be required on a country-by-country basis to best direct resources and guide strategic planning. Our study aims to understand prospects of meeting the benchmark by 2030 using data from 63 selected countries. Specific objectives were as follows: 1) to estimate the progress needed to meet the benchmark (i.e. at least 75% of demand for family planning satisfied with modern contraceptive methods) in each country and 2) to compare the required progress to current projections by United Nations as well as historic experience. Further, in order to illustrate various prospects across countries, we examine the data in detail for three countries: Burkina Faso, Ethiopia, and Nigeria.

Methods {#S0002_29734}
=======

Study countries {#S0002-S20001_29734}
---------------

We selected 63 countries for the study to understand country-level prospects. These countries are either among the least developed countries, according to the United Nations classification ([@CIT0010_29734]) or priority countries for international family planning initiatives. Annex 1 in the [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29734/0) presents a complete list of the study countries. Of these countries, we drew upon data from Burkina Faso, Ethiopia, and Nigeria for country-level illustration and further analysis to understand within-country variation. We opportunistically selected these three countries in order to align with other analyses included in this Special Issue. Additionally, these countries reflect diverse demographic and economic characteristics and varying levels of family planning programmes especially in recent decades, despite being in the same geographic region ([Table 1](#T0001_29734){ref-type="table"}). Finally, in order to understand the prospects of the 63 countries in an historic context, we analysed estimates data between 1970 and 2010 from all available 194 countries in the database, as described below.

###### 

Selected current population and economic characteristics of Burkina Faso, Ethiopia, and Nigeria

                                                                                                           Burkina Faso   Ethiopia   Nigeria
  -------------------------------------------------------------------------------------------------------- -------------- ---------- ---------
  Total fertility rate                                                                                     5.9            4.1        5.6
  Population (millions)                                                                                    18             96         178
  Rate of natural population increase (%)                                                                  3.1            2.1        2.5
  Female population 15--49 years of age who have no education (%)[a](#TF0001_29734){ref-type="table-fn"}   74             51         38
  Gross national income per capita, purchasing power parity (US\$)                                         1,560          1,350      5,600

Source: World Population Data Sheet 2014 (Population Reference Bureau), [www.prb.org/pdf14/2014-world-population-data-sheet_eng.pdf](http://www.prb.org/pdf14/2014-world-population-data-sheet_eng.pdf), unless noted.

Burkina Faso Demographic and Health Survey (DHS) 2010, Ethiopia DHS 2011, Nigeria DHS 2013.

Data {#S0002-S20002_29734}
----

Data on country-specific estimates and projections of family planning indicators were from an estimates and projections database of the United Nations Population Division ([@CIT0011_29734]). The database includes model-based annual estimates and projections of selected family planning indicators from 1970 to 2030 for 194 countries ([www.un.org/en/development/desa/population/publications/dataset/contraception/wcu2014.shtml](http://www.un.org/en/development/desa/population/publications/dataset/contraception/wcu2014.shtml)). The indicators include contraceptive prevalence rate (CPR), modern contraceptive prevalence rate (MCPR), and unmet need for family planning among women between 15 and 49 years of age who are married or in a union. Estimates and projections are based on a Bayesian hierarchical model combined with country-specific time trends, which captures observed fluctuations around the main trends within countries. The modelling data set includes estimates of family planning indicators from a large number of population-based surveys, including country-specific national surveys -- some of which were conducted as early as in the 1950s -- as well as long-standing global survey programmes such as Demographic and Health Surveys, Multiple Indicator Cluster Surveys, and Reproductive Health Surveys. Detailed methods on the statistical modelling are provided elsewhere ([@CIT0012_29734]). For each indicator, the database presents median estimates with 80 and 95% uncertainty bounds. For this study, the median estimate was used for all analyses.

Measurement and analysis {#S0002-S20003_29734}
------------------------

First, for each of the 194 countries and for the years between 1970 and 2030, we calculated the proposed SDG indicator -- percent demand for family planning met with modern contraceptive methods (the ratio of MCPR to the sum of CPR and unmet need for family planning). For the 63 study countries, we then calculated the projected absolute percentage point changes per year between 2014 and 2030 for the indicator. We also calculated the absolute percentage point changes per year between 2014 and 2030 that would be needed to achieve the proposed benchmark -- at least 75%, hereinafter referred to as a *benchmark scenario* -- using a simple assumption of linear changes in each country. We believe that such a simple calculation is useful for the purpose of this study to provide prospects and facilitate discussion for strategic planning, even though the assumption of linear trends over 15 years was crude, especially for countries currently at a low level. The two annual changes (projected vs. required for the benchmark scenario) were compared by calculating both absolute and relative differences for each country. In addition, we calculated the absolute number of women who would use modern methods in 2030 according to current projections and the benchmark scenario. It should be noted that, under the benchmark scenario, we assume that the currently projected demand trajectory will remain even if MCPR increases rapidly. This assumption ignores a positive relationship between MCPR and demand ([@CIT0012_29734]) and may underestimate demand as MCPR accelerates under the benchmark scenario. Thus, our approach may underestimate the required progress as well as the amount of resources needed to respond to increasing demand under the benchmark scenario.

In order to understand the required progress under the benchmark scenario in the context of historic experience, we calculated the annual absolute percent point changes in the proposed SDG indicator over eight 5-year periods (1970--1975, 1975--1980, 1980--1985, 1985--1990, 1990--1995, 1995--2000, 2000--2005, and 2005--2010) using estimates from all 194 countries. We then compared the annual changes in the benchmark scenario for the 63 study countries with these observed, historic annual changes from 194 countries between 1970 and 2010.

Descriptive analyses were conducted using figures and summary statistics, which were unweighted averages across the study countries. To investigate regional patterns, we classified the countries into three groups: Central and West Africa (*n*=22), South and East Africa (*n*=19), and other (*n*=22) (Annex 1 in the [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29734/0)). STATA 13.0 statistical software was used for all analyses (Stata Corporation, College Station, TX, USA).

Results {#S0003_29734}
=======

On average across the 63 study countries in 2014, among women in union, 59% had demand for family planning. Of those women in union who had demand for family planning, on average 43% used modern contraceptive methods, with a large variation among countries ranging from 6% in South Sudan to 84% in Bhutan. [Figure 1](#F0001_29734){ref-type="fig"} presents the current levels of family planning demand satisfied with modern methods and modern contraceptive prevalence among the study countries (in red) and non-study countries (in black). In our three illustrative countries -- Nigeria, Burkina Faso, and Ethiopia -- 28, 40, and 54% of women who had demand for family planning used modern methods, respectively. Of note, five study countries (Bhutan, Honduras, Indonesia, South Africa, and Zimbabwe) already exceeded the 75% benchmark. Across 49 least developed countries (according to the United Nations classification), on average about 40% of women with demand for family planning used modern methods, compared to 67 and 70% in less and more developed countries. Again, there was great variation across countries, even among the 49 least developed countries, highlighted by the data from five countries (South Sudan, Somalia, Chad, Guinea, and Democratic Republic of Congo) where the level was 15% or below.

![Percentage of demand for family planning met with modern contraceptive methods and modern contraceptive prevalence rates in 194 countries in 2014. Large grey circles represent the unweighted average of countries by development classification by United Nations: least, less, and more developed countries (*n*=49, 103, and 42, respectively).](GHA-8-29734-g001){#F0001_29734}

[Table 2](#T0002_29734){ref-type="table"} presents annual changes between 2014 and 2030 according to the current projections and the benchmark scenario in the 63 study countries. Across our study countries, an average annual increase of 2.2 percentage points is needed to achieve the benchmark scenario, compared to the annual increase of 0.9 percentage points in current projections. The average difference between the two rates of annual change is 1.3 percentage points (additional absolute increase) or 2.5 times (relative difference).

###### 

Percentage demand for family planning met with modern methods (2014 and 2030), annual rates of change (2014--2030), and the number of women using modern methods according to current projection and benchmark scenarios among 63 selected countries

                                                                                                                                                                                All study countries   West and Central Africa   East and South Africa   Other
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------- ------------------------- ----------------------- ---------
  Mean family planning demand satisfied with modern methods (%)[a](#TF0002_29734){ref-type="table-fn"}                                                                                                                                                  
   2014                                                                                                                                                                         43.3                  27.7                      46.7                    56.1
   2030                                                                                                                                                                         56.4                  42.4                      63.0                    64.7
  Mean annual rate of change, 2014--2030 (percentage points)[a](#TF0002_29734){ref-type="table-fn"} [b](#TF0003_29734){ref-type="table-fn"}                                                                                                             
   Current projection                                                                                                                                                           0.9                   0.9                       1.1                     0.6
   Required by benchmark scenario                                                                                                                                               2.2                   3.0                       2.0                     1.4
  Mean difference in annual rate of changes between benchmark scenario and current projections[a](#TF0002_29734){ref-type="table-fn"} [b](#TF0003_29734){ref-type="table-fn"}                                                                           
   Absolute difference (percentage points)                                                                                                                                      1.3                   2.0                       0.9                     0.8
   Relative difference (ratio)                                                                                                                                                  2.5                   3.2                       1.7                     2.3
  Total number of women (thousands)[c](#TF0004_29734){ref-type="table-fn"}                                                                                                                                                                              
   2014                                                                                                                                                                         533,808               71,199                    65,419                  397,190
   2030                                                                                                                                                                         615,063               96,341                    92,889                  425,833
  Total number of women using modern methods (thousands)[c](#TF0004_29734){ref-type="table-fn"}                                                                                                                                                         
   2014                                                                                                                                                                         225,841               7,989                     21,564                  196,289
   2030, current projection                                                                                                                                                     300,629               21,214                    45,431                  233,984
   2030, benchmark scenario[d](#TF0005_29734){ref-type="table-fn"}                                                                                                              333,744               39,068                    50,994                  243,683

Mean is unweighted average of national-level values across countries;

excluding five countries where family planning demand satisfied with modern methods in 2014 was 75% or above;

total number of women is aggregate sum across countries (*women* refers to those who are between 15 and 49 years of age and married or in a union);

nine countries where projection is 75% or higher, the number of women according to the projected level was used.

[Figure 2](#F0002_29734){ref-type="fig"} illustrates differences in progress between the current projection (solid blue line) and benchmark scenario (dotted blue line) in Burkina Faso, Ethiopia, and Nigeria. In Ethiopia, the MCPR is projected to be 56% in 2030, which equates to 75% of family planning demand. Ethiopia shows little difference between the projected and required annual rates of change ([Table 3](#T0003_29734){ref-type="table"}). If its currently projected progress is realised, Ethiopia will achieve the family planning component of SDGs. In contrast, current projections for Burkina Faso and Nigeria indicate that only 52 and 42% of demand for family planning, respectively, will be satisfied with modern method use by 2030. Differences between projections and the benchmark scenario in these two countries are substantial ([Table 3](#T0003_29734){ref-type="table"}). To reach the benchmark, Burkina Faso must have an average yearly growth of 2.2 percentage points, and Nigeria must reach an average annual growth of 3.0 percentage points. Both rates of growth are much higher than those based on current projections -- 0.8 and 0.9 percentage point increases per year for Burkina Faso and Nigeria, respectively.

![Demand for family planning and modern contraceptive prevalence rates in Burkina Faso, Ethiopia, and Nigeria: current estimates and projections versus progress needed to meet the benchmark of 75% by 2030. MCPR, modern contraceptive prevalence rate.](GHA-8-29734-g002){#F0002_29734}

###### 

Percentage of demand for family planning met with modern methods (2014 and 2030), annual rates of change (2014--2030), and the number of women using modern methods according to current projection and benchmark scenarios in Burkina Faso, Ethiopia, and Nigeria

  Indicator                                                                                       Burkina Faso   Ethiopia   Nigeria
  ----------------------------------------------------------------------------------------------- -------------- ---------- ---------
  Mean family planning demand satisfied with modern methods (%)                                                             
   2014                                                                                           39.5           53.5       27.2
   2030                                                                                           51.7           74.4       41.9
  Mean annual rate of change, 2014--2030 (percentage points)                                                                
   Current projection                                                                             0.8            1.3        0.9
   Required by benchmark scenario                                                                 2.2            1.3        3.0
  Difference in annual rate of change between the benchmark scenario and current projections                                
   Absolute difference (percentage points)                                                        1.5            0.0        2.1
   Relative difference (ratio)                                                                    2.9            1.0        3.2
  Total number of women (thousands)[a](#TF0006_29734){ref-type="table-fn"}                                                  
   2014                                                                                           3,078          13,935     26,645
   2030                                                                                           4,224          20,588     34,604
  Total number of women using modern methods (thousands)[a](#TF0006_29734){ref-type="table-fn"}                             
   2014                                                                                           551            4,529      2,691
   2030, current projection                                                                       1,225          11,468     7,198
   2030, benchmark scenario                                                                       1,777          11,565     12,873

*Women* refers to those who are between 15 and 49 years of age and married or in a union.

As illustrated by these three country examples, vastly different prospects for achieving the benchmark are observed across all study countries. Differences between the current projection and benchmark scenario paths are largest in the Central and West African countries (*n*=22), where annual changes in the benchmark scenario were on average 3.2 times higher than those changes according to current projections ([Table 2](#T0002_29734){ref-type="table"}). In contrast, differences between the current projection and benchmark scenario are substantially smaller in the South and East African countries (*n*=19), where the average annual change required to meet the benchmark scenario is 1.7 times higher than current projections. In about one-quarter of our study countries, the current projection for 2030 is at or near the benchmark. Specifically, the current projection for 2030 is 75% or above in nine countries and is near the benchmark (i.e. 70--75%) in six countries (Annex 2 in [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29734/0)).

Historic trends indicate that the progress required to achieve the benchmark will be challenging for the majority of the study countries. [Figure 3](#F0003_29734){ref-type="fig"} is a scatter plot of annual percentage point changes that were observed from 194 countries over each of the eight 5-year periods spanning the years 1970--2010. In the overwhelming majority of cases (94%), the annual change was below 2 percentage points. Further, the annual changes appeared to be higher when the initial level of demand satisfied was between 30 and 50%, as indicated by the quadratic fitted line. An annual increase of 2 percentage points or higher was observed at least once in 24 study countries and 37 non-study countries. Of the 24 study countries, 2 were in Central and West Africa (Burkina Faso, from 15% in 2000 to 26% in 2005, and Nigeria, from 13% in 1990 to 24% in 1995); 12, including Ethiopia, were in South and East Africa; and 10 were outside Africa ([Table 4](#T0004_29734){ref-type="table"}). Nevertheless, in most of these countries, the rapid increase was observed over only 5- or 10-year periods, suggesting that maintaining the momentum over 15 years will be challenging. When we examined average rates of change over rolling 15-year periods between 1970 and 2010, only 13 study countries experienced annual average changes by 2 percentage points or more: Bangladesh, Bhutan, Cambodia, Ethiopia, India, Indonesia, Madagascar, Malawi, Mozambique, Myanmar, Rwanda, South Africa, and Zimbabwe (results not shown).

![Scatter plot of annual rate of changes in demand for family planning satisfied with modern methods by initial level: eight 5-year periods between 1970 and 2010 from 194 countries. Solid curved line is a quadratic fitted line (*R* ^2^ 0.17). A total of 1,552 observations are specific to a 5-year period and a country. The annual percentage point changes range from −3.87 (Timor-Leste 1995--2000) to 7.81 (Rwanda 2005--2010). Only 1,520 observations between the 1st and 99th percentile of the changes are shown, ranging from −0.78 to 3.50.](GHA-8-29734-g003){#F0003_29734}

###### 

List of countries and periods during which the annual change in family planning demand satisfied with modern methods exceeded two percentage points

                              Demand for family planning satisfied with modern methods (%)   Annual rate of change (% points)   
  -------------- ------------ -------------------------------------------------------------- ---------------------------------- -----
  Afghanistan    2000--2005   14.7                                                           27.4                               2.5
  Bangladesh     1980--1985   23.6                                                           35.1                               2.3
  Bangladesh     1985--1990   35.1                                                           46.3                               2.2
  Bangladesh     1990--1995   46.3                                                           58.1                               2.4
  Bhutan         1990--1995   30.8                                                           41.3                               2.1
  Bhutan         1995--2000   41.3                                                           53.0                               2.3
  Bhutan         2000--2005   53.0                                                           69.0                               3.2
  Bhutan         2005--2010   69.0                                                           81.8                               2.5
  Burkina Faso   2000--2005   15.1                                                           26.2                               2.2
  Burundi        2005--2010   20.3                                                           32.2                               2.4
  Cambodia       1995--2000   18.9                                                           32.9                               2.8
  Djibouti       2000--2005   12.8                                                           26.8                               2.8
  Ethiopia       2000--2005   13.7                                                           27.7                               2.8
  Ethiopia       2005--2010   27.7                                                           46.9                               3.9
  India          1970--1975   22.1                                                           32.8                               2.1
  India          1975--1980   32.8                                                           45.4                               2.5
  Indonesia      1970--1975   16.8                                                           32.3                               3.1
  Indonesia      1975--1980   32.3                                                           49.8                               3.5
  Indonesia      1980--1985   49.8                                                           62.4                               2.5
  Kenya          1985--1990   20.0                                                           32.2                               2.4
  Laos           1995--2000   35.8                                                           47.3                               2.3
  Lesotho        1985--1990   20.1                                                           30.7                               2.1
  Lesotho        2005--2010   55.0                                                           65.8                               2.2
  Madagascar     2000--2005   25.5                                                           37.9                               2.5
  Madagascar     2005--2010   37.9                                                           49.6                               2.3
  Malawi         1995--2000   23.1                                                           40.8                               3.5
  Mozambique     1995--2000   16.7                                                           28.9                               2.4
  Myanmar        1990--1995   30.9                                                           43.8                               2.6
  Myanmar        1995--2000   43.8                                                           54.0                               2.1
  Nepal          1985--1990   22.9                                                           33.1                               2.0
  Nigeria        1990--1995   13.3                                                           23.7                               2.1
  Rwanda         2005--2010   18.4                                                           57.4                               7.8
  South Africa   1970--1975   28.7                                                           42.5                               2.8
  South Africa   1975--1980   42.5                                                           54.5                               2.4
  Timor-Leste    2005--2010   29.6                                                           40.7                               2.2
  Tanzania       1990--1995   16.8                                                           28.4                               2.3
  Zimbabwe       1975--1980   18.8                                                           31.2                               2.5
  Zimbabwe       1980--1985   31.2                                                           45.8                               2.9
  Zimbabwe       1985--1990   45.8                                                           57.4                               2.3

An annual increase of three percentage points or more -- the average level of progress needed among the Central and West African countries -- was observed over a 5-year period in five study countries (Bhutan, Ethiopia, Indonesia, Malawi, and Rwanda) ([Table 4](#T0004_29734){ref-type="table"}) and 14 non-study countries. However, when we examined the rapid increase sustained over a 15-year period, only six countries in the world experienced annual average changes by 3 percentage points or more over 15 years or longer during the last four decades: Belgium (from 24% in 1970 to 82% in 1987), Botswana (from 3% in 1972 to 56% in 1992), Colombia (from 20% in 1970 to 65% in 1985), France (from 23% in 1970 to 77% in 1987), Indonesia (from 17% in 1970 to 69% in 1988), and Réunion (from 25% in 1970 to 76% in 1987).

[Figure 3](#F0003_29734){ref-type="fig"} also shows that some countries experienced negative changes (7% of total observation points). Whereas most of the negative changes were less than 1 percentage point per year, substantial reductions were often observed in the wake of serious turmoil, civil unrest, and war. These examples include Timor-Leste (from 53% in 1995 to 34% in 2000), Serbia (from 38% in 2000 to 28% in 2005), Mozambique (from 37% in 2005 to 30% in 2010), and Rwanda (from 15% in 1995 to 9% in 2000).

Lastly, we examined the absolute number of women who would use modern methods in 2030 under current projections and the benchmark scenario based on 1) population projections of women of reproductive age who are in a union; 2) demand for family planning according to current projections; and 3) demand for family planning satisfied with modern methods according to both current projections and the benchmark scenario. The examples of Burkina Faso, Ethiopia, and Nigeria ([Table 3](#T0003_29734){ref-type="table"}) show that the number of women who would use modern methods in 2030 based on current projections is 1.2 million, 11.5 million, and 7 million, respectively. As expected, the difference in the number of women using modern methods in 2030 between the current projection and the benchmark scenario is minimal in Ethiopia, but substantial in Burkina Faso and Nigeria: The absolute number of women who would be using modern methods was 45 and 79% higher in the benchmark scenario than the current projection, respectively. Throughout all 63 study countries, 300 million and 334 million women would be using modern methods in 2030, according to the current projection and benchmark scenario, respectively ([Table 2](#T0002_29734){ref-type="table"}). In 22 Central and West African countries, almost twice as many as women would be using modern methods under the benchmark scenario (39 million) compared to the current projection (21 million) ([Table 2](#T0002_29734){ref-type="table"}).

Discussion {#S0004_29734}
==========

Our study examines the prospects of 63 selected countries towards achieving the family planning indicator and benchmark for the SDG target of universal access to sexual and reproductive health services. There is great variation across the study countries, but on average, a sustained increase of 2.2 percentage points per year is required over the next 15 years. Compared to current projections, the rates of change in the 63 study countries need to double in order to achieve the benchmark. In the Central and West Africa regions, progress needs to almost triple.

Examination of historic rates of progress shows that rapid annual increases by 2 percentage points or higher over 5 years have been observed in 24 of the 63 study countries. However, sustaining the rapid progress over an extended period is challenging, as shown by the fact that only 13 study countries achieved rapid progress by two percentage points or more per year over a 15-year period. Examples of annual increases by three percentage points or more over 15 years were rare. Further, only five study countries experienced an annual change of three percentage points or higher over a 5-year period and only one study country over a 10-year period. Nevertheless, examples from non-study countries, especially Botswana, where a rapid and sustained progress was made even with a very low initial level, suggest that the benchmark may be achievable.

Among our three illustrative countries, Ethiopia made remarkably rapid improvements between 2000 and 2010, thanks to political will and strategic programming ([@CIT0013_29734], [@CIT0014_29734]). Current projections suggest that Ethiopia is well on its way to meeting the benchmark by 2030. In Burkina Faso and Nigeria, two things should be noted. First, currently projected demand is relatively low, and the countries can achieve the benchmark of 75% with a fairly low level of MCPR. In countries that are in the beginning of fertility transition, implementing multisectoral approaches to generate demand for family planning is critical, in addition to efforts to satisfy current demand. Secondly, even with the relatively low demand that is projected currently, the two countries need to accelerate the rate of progress by about three times to meet the benchmark. Burkina Faso and Nigeria have had rapid increases historically, though only over one 5-year period each ([Table 4](#T0004_29734){ref-type="table"}). This historic experience suggests that, though ambitious, the benchmark can be achieved even in countries with currently low levels of demand satisfied with modern methods.

Nevertheless, there are substantial challenges to achieving the family planning benchmark in many countries. Simply to achieve current projections, which are based on assumptions of continuous and universal increases in modern contraceptive use across countries, will require continuous and intensive programme efforts. Historic data show that stagnation or even significant reversal can be observed in some countries under humanitarian crises. Thus, in order to accelerate currently projected rates of improvement, even greater amounts of resources, both financial and technical, and more efficient use of resources will be needed to stimulate demand for family planning and improve access. Indeed, a recent study showed financial resources need to almost double to fully address all current needs for sexual and reproductive health services, including modern contraception, in developing countries ([@CIT0015_29734]).

While our study focuses on national-level prospects, an important factor for achieving the 'universal access' component of the SDGs is addressing inequalities within each country. Further examination of data from Burkina Faso, Ethiopia, and Nigeria reveals within-country inequality ([Fig. 4](#F0004_29734){ref-type="fig"}). Disaggregated data by household wealth quintile and residential area are presented for illustrative purposes across the three countries, although monitoring disaggregated data by other characteristics such as administrative unit -- especially in the context of programming and/or decentralisation -- is imperative. Some subpopulations such as women living in urban areas or highest wealth quintile households have made strong progress. In Ethiopia, especially, family planning demand satisfied with modern methods is already near the SDG benchmark among women in the highest wealth quintile households. In contrast, progress in disadvantaged populations is much slower. Further, in Nigeria, family planning demand satisfied with modern methods decreased among women in the lowest wealth quintile households during the last decade, although the national average increased steadily. At a more global scale, a recent study using data from 187 Demographic Health Surveys conducted in 53 countries showed that national average and within-country disparity are inversely related; as national average for demand satisfied with modern methods increases, within-country disparity decreases ([@CIT0016_29734]). The study also reported that within-country disparity by socio-economic background has decreased in the last two decades in most countries. Recognising the imperative of the SDGs to leave no one behind, efforts to satisfy demand for family planning must focus on bridging the inequality gaps across subpopulations.

![Trends in demand satisfied with modern methods by household wealth and residential area: Burkina Faso, Ethiopia, and Nigeria, by socio-economic and rural--urban status. Source: Demographic and Health Surveys through STATcompiler.com.](GHA-8-29734-g004){#F0004_29734}

One limitation of our study is that we used an estimates and projections database that included only women who were currently married or in a union. Omission of unmarried, sexually active women in the database is the consequence of current inconsistent data availability among unmarried women at the global scale, not because of lack of importance of the population. Age at marriage has increased in many countries around the world, and there are a growing number of unmarried, sexually active women who have demand for family planning. Further, all women, regardless of their marital status -- or any other characteristic such as young age -- must have full and equal access to appropriate information and quality contraception services in order to be able to achieve their reproductive intentions to delay, space, or limit pregnancy. Thus, to align the indicator with the intentions of the goal and benchmark, the global database should include unmarried, sexually active women. That being said, the impact of these data on the estimate may not be substantial because this is a small population.

The data and findings presented provide baseline information to identify strategies needed at both global and country levels to achieve the family planning component of the SDGs. For example, our findings foremost show a great need to increase efforts and improve efficiency of investment in order to achieve the family planning component of the SDGs. Our identification of countries that have achieved rapid and sustained progress provides the geography of family planning policy and programmatic successes to explore and replicate as appropriate ([@CIT0013_29734], [@CIT0014_29734], [@CIT0017_29734], [@CIT0018_29734]). Historic examination also suggests progress may accelerate once populations reach a certain level, but until that point great efforts would be needed both to generate demand and to address existing demand. Finally, our identification of countries that have experienced declines in satisfied demand -- though a small number -- highlights the negative impacts conflicts and wars can have in relation to access to sexual and reproductive health services. This historic information is valuable to the international family planning community as evidence of the need to mitigate the detrimental impacts of existing and future tumult on family planning access.

Substantial variations in current levels and future prospects for demand satisfied among study countries raises questions for international and bilateral development organisations as well as countries. For example, how will both global and domestic financial and technical resources be mobilised and used over the next 15 years to achieve maximal outcomes and impact? How should development partners prioritise focal countries considering vastly different prospects even among the 63 study countries? What are approaches for monitoring at the global level, balancing achievement of the benchmark in each country versus reaching the largest absolute number of potential beneficiaries in highly populous countries?

Conclusions {#S0005_29734}
===========

On average across the 63 study countries, family planning demand satisfied with modern contraceptive methods needs to increase by 2.2 percentage points per year for the next 15 years -- more than double current projections. Yet historic experience during the last four decades shows that such rapid progress has been very infrequently achieved. More financial and technical resources and more efficient use of them, including a regional focus on Central and West Africa, are therefore critical to enabling countries to accelerate progress and achieve the ambitious benchmark scenario of at least 75% of family planning demand being satisfied with modern methods.
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> Measuring progress towards universal health coverage involves producing estimates of health intervention coverage. For that purpose, coverage indicators that are accurate and easy to collect are needed. The existing indicator to estimate contraceptive use among women who need it (family planning coverage, or FPC) is complicated because it depends on several items of information that are difficult to ascertain. We propose, for situations where this complex indicator is not available, a way to estimate it from a much simpler indicator, namely the proportion of women using contraception in the population. This estimate is precise enough to be used as a substitute for FPC where it is not possible to estimate the latter directly.

Family planning is one of the most important health interventions currently available, and the global reduction in family size has contributed substantially to decreases in maternal and under-five mortality ([@CIT0001_29735], [@CIT0002_29735]). One review, including a simulation of the impact of different levels of investment in health, concluded that expanding access to modern contraceptives was the most cost-effective intervention, with great potential for reducing child and maternal deaths ([@CIT0003_29735]). It has also been argued that important social and economic benefits of increased access to family planning, such as improved women\'s earnings and more investments in schools, are expected. Economic growth was also linked to reduction in fertility rates because of increased participation of women in the labour force and reduction of young dependents in the households ([@CIT0004_29735]). Yet many women and couples still do not have reliable access to modern contraceptives. Recently, a global partnership, Family Planning 2020 ([@CIT0005_29735]), was established to support the rights of women and girls to decide, freely and for themselves, whether, when, and how many children they want to have.

The monitoring of progress towards the Millennium Development Goal target for achieving universal access to reproductive health (also known as *Target 5B*) involves two indicators related to contraception: contraceptive use prevalence \[contraceptive prevalence rate (CPR)\] and unmet need for family planning. The Commission on Information and Accountability for Women\'s and Children\'s Health proposed an alternative indicator, percent of demand for family planning satisfied (FPS) ([@CIT0006_29735]).

In addition to demographic and health impact, progress monitoring should be based on intervention coverage indicators, which are defined as the proportion of people receiving the services they need. This is justified because coverage indicators respond more promptly to programme changes than impact indicators, thus representing an invaluable tool for programme evaluation and consequent correction ([@CIT0007_29735]). CPR is a simple current status indicator to compute and understand: the percentage of women (15--49 years of age, currently married or in union) who are using any type of contraception. It is, however, not a true coverage indicator as not all women are in need of contraceptives, making it difficult to set meaningful targets. Unmet need indicators are more complex and have been frequently misunderstood ([@CIT0008_29735]), both in terms of their interpretation and in terms of their mathematical interrelationships. There is especially a tendency to suppose that percentage met need is 100 minus unmet need, which is not true given that the denominator of both indicators include women who do not need contraception. Recently, a target of 75% for an FPC indicator -- percent of demand satisfied -- has been proposed in the context of measuring progress towards the goals of family planning for 2020 and beyond ([@CIT0009_29735]).

In this paper, we first argue that family planning demand satisfied is the most useful indicator of coverage and propose that it should be referred to as *FPC*. The data requirements for the FPC indicator are quite considerable and it is less commonly measured in surveys than CPR, hampering comparisons between populations, equity analyses, and trend assessments. Therefore, our analysis aims to show how data on CPR can be used to estimate the FPC indicator in different settings.

Methods {#S0002_29735}
=======

Indicators {#S0002-S20001_29735}
----------

The calculation of either unmet need or FPC requires dividing women of fertile age into groups of need for contraception. The first group includes women who are infecund or menopausal, women who are pregnant or in postpartum amenorrhoea who wanted the pregnancy, and women who want another child in the next 2 years ([Fig. 1](#F0001_29735){ref-type="fig"}, groups in blue). In this group, we have women with no need for contraception. The second group includes women who do need contraception, because they want no more children, want to wait, or did not want the current or recent pregnancy. These women can be further divided into those using contraceptives ([Fig. 1](#F0001_29735){ref-type="fig"}, green), and those not using contraceptives ([Fig. 1](#F0001_29735){ref-type="fig"}, orange). Unmet need for family planning is defined as the proportion of women with unmet need in relation to all women \[orange/(blue+green+orange)\]. This is probably the most common indicator used in the literature, but it is important to note that the denominator includes women who do not need contraception and thus, like CPR, it is not a coverage indicator.

![Groups of women in terms of need for contraception and its use.](GHA-8-29735-g001){#F0001_29735}

FPC is a 'positive' (in the sense that higher is better) alternative to unmet need and the only true coverage indicator, being defined as the proportion of women that need contraception who are actually using contraceptives \[green/(green+orange)\]. As with all coverage indicators, it is easily interpretable in the sense that it can actually vary from 0 to 100%. From here on, we will refer to this indicator as *FPC*.

Given that the denominators of these two indicators are different, it is easy to see that FPC is not one minus unmet need, as is sometimes commonly believed.

All current definitions refer to women who are married or in union. It is, however, possible to simply extend the computations to include all sexually active women, including those who are not married or in a union. Another alternative to the standard survey definition is to estimate CPR and FPC only for modern contraceptives.

Details for the definitions of women that are infecund or in postpartum amenorrhoea are presented in a revision for unmet need definition published by the Demographic and Health Survey (DHS) programme ([@CIT0010_29735]). Despite the simplification proposed in the definitions of *unmet need* and *FPC*, the classification of women into the groups needed to estimate the indicators is complex and requires the inclusion of a large number of questions in a survey, some of them very subjective. Following [Fig. 1](#F0001_29735){ref-type="fig"}, FPC (the proportion of women using contraception among those who need it) and CPR (the proportion of women using contraception) can be written as$$\text{FPC} = \frac{\text{women\ using\ contraception}(\text{green})}{\text{women\ in\ need\ of\ contraception}(\text{green} + \text{orange})}$$ $$\text{CPR} = \frac{\text{women\ using\ contraception}(\text{green})}{\text{all\ women}(\text{blue} + \text{green} + \text{orange})}$$

Dividing both the numerator and denominator of FPC by the total number of women aged 15--49 years (blue+green+orange) we get$$\text{FPC} = \text{CPR}/\%\text{women\ in\ need\ of\ contraception}(\text{green} + \text{orange})$$

and it therefore follows that$$\text{FPC} = \text{CPR}/(1 - \%\text{women\ not\ in\ need\ of\ contraception}(\text{blue}))$$

Therefore, FPC depends on CPR and the proportion of women not in need of contraception.

Many surveys do not include the full array of questions required to obtain a direct estimate of unmet need or FPC. An estimate of coverage may however be needed, given the importance of FPC when not only CPR changes but also the desire for children, the need to assess trends over time using different surveys, or the use of FPC in combined health intervention coverage indicators such as the composite coverage indicator ([@CIT0011_29735]). The strong correlation between FPC and CPR has already been recognised in the literature ([@CIT0012_29735]) and used to predict FPC in surveys where only CPR was available.

In this work, we take this approach further exploring the relationship between FPC and its defining variables (CPR, proportion of women currently wanting children, proportion of women pregnant or in postpartum amenorrhea, and proportion of infecund or menopausal women) and proposing a predictive model for FPC.

Data and analytical methods {#S0002-S20002_29735}
---------------------------

We used DHS and Multiple Indicator Cluster Surveys (MICS) undertaken since the 1990s to explore the relationship between FPC and CPR and determine a predictive model that may be used as a simpler method to estimate FPC where it is not possible to estimate it directly. It may be useful in small surveys where there is interest in FPC but the number of questions involved is too large or for some DHS and MICS surveys where not all relevant questions were included. It may be also relevant when we want to estimate the composite coverage index, an indicator that involves an estimate for FPC along with other seven coverage indicators ([@CIT0013_29735]).

From a set of 238 DHS and MICS surveys, FPC was available for 173 DHS and for 24 MICS, totalling 197 surveys used for the modelling exercise, from 82 countries. Survey years ranged from 1993 to 2012. A full list of countries and respective surveys is presented in the [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29735/0).

All reproductive estimates used in this analysis refer to women aged 15--49 years who were married or in union at the time of the survey. CPR was defined as the prevalence of contraceptive use, either modern or traditional.

A revised definition of FPC was presented in 2012 ([@CIT0010_29735]) by a working group whose main objective was to make the indicator simpler and dependent upon fewer survey questions. In our analysis, however, we used the pre-2012 definition, because this was the one readily available from most surveys. In numerical terms, the difference between the two definitions was very small for the 21 surveys where both were available. The average difference between old and new definitions was 1.3 percentage points (95% limits of agreement --1.1 to 3.7 percentage points). A similar result was found for unmet need, with an average difference of 1.7 percentage points ([@CIT0010_29735]).

We explored the Pearson correlations between FPC, CPR, and the proportion of women wanting/having more children or who were infecund or menopausal. We also calculated the semi-partial correlations between these variables to estimate the percentage of CPR variability explained by both predictors after controlling for the others. Modelling was done using linear regression on a logit transform of FPC to avoid predicted values outside the \[0--1\] interval. We explored a range of models, using a fractional polynomial approach ([@CIT0014_29735]), in order to find the best performing one. In such models, we corrected the standard errors by taking into account repeated surveys for a particular country as a cluster. We also explored the relationship between FPC and CPR using estimates stratified by wealth quintiles. Similar analyses were performed and standard errors corrected by clusters of surveys.

The predicted values for FPC were back-transformed to its original scale in order to make results easier to understand.

Results {#S0003_29735}
=======

[Table 1](#T0001_29735){ref-type="table"} shows the distribution of our study variables: FPC, CPR, and the proportion of women wanting/having more children or who were infecund or menopausal. Both FPC and CPR varied widely -- FPC from 12 to 94% and CPR from 3 to 79%. The percentage of women wanting/having more children varied from 4 to 53%, and the percentage of infecund or menopausal women varied from 5 to 37%.

###### 

Mean, minimum, maximum, median, and 10th and 90th percentiles of the percentages of family planning coverage (FPC), contraceptive prevalence (CPR), women who want more children, and women who are infecund or menopausal

  Variable                          Mean   Minimum   10th percentile   Median   90th percentile   Maximum
  --------------------------------- ------ --------- ----------------- -------- ----------------- ---------
  FPC                               61.7   11.8      30.0              62.8     89.3              94.3
  CPR                               40.6   2.8       12.6              40.0     70.5              79.0
  \% wanting/having more children   17.7   3.8       5.0               15.6     34.2              52.5
  \% infecund or menopausal         13.0   4.5       7.2               12.6     18.4              37.0

Source: DHS and MICS: 197 surveys from 1993 to 2012.

The correlations between FPC and its potential predictors (CPR, percentage of women wanting/having more children, and proportion of infecund or menopausal women) were 0.97, −0.76, and −0.61, respectively. We also observed strong negative correlation between CPR and the percentages of women wanting/having more children and those infecund or menopausal (−0.84 and −0.69, respectively).

The semi-partial squared correlations for percentages of women wanting/having more children and those infecund or menopausal adjusting for each other and for CPR were 0.8 and 0.6 percentage points, respectively, indicating that the addition of both variables in a predictive model where CPR was already included would add less than 1.5 percent points in its R^2^. This is explained by the strong correlation that exists between these predictors and CPR. Therefore,it is clear that we can model FPC using only CPR as a predictor, since the addition of the other predictors would improve any model only marginally.

Using the fractional polynomial strategy to find the best way to fit CPR in a model to predict the logit of FPC resulted in a model where CPR appears twice with powers one and two. This model can be written as follows:$$\text{logit}(\text{FPC}) = 0\text{.61} + \text{0.68\ log}(\text{CPR}) + \text{3.57\ CP}\text{R}^{\text{2}}$$

Compared to the simpler linear model, this alternative is better both in terms of reducing the deviance (*p=*0.028) and visually ([Fig. 2](#F0002_29735){ref-type="fig"}). The results suggest that the association between the logit of FPC and CPR is not linear, especially when CPR is low. The proposed model explains 94.7% of the FPC variation ([Table 2](#T0002_29735){ref-type="table"}).

![Scatter plots plus linear and fractional polynomial regressions at national level and by wealth quintiles, showing the relationship between logit family planning coverage (FPC) and contraceptive prevalence rate (CPR). Source: DHS and MICS: 197 surveys from 1993 to 2012.](GHA-8-29735-g002){#F0002_29735}

###### 

Fractional polynomial model for predicting family planning coverage (FPC) from contraceptive prevalence rate (CPR)

  Variable           Coefficient   *p*       95% CI                    
  ------------------ ------------- --------- -------- ------ --------- ---------------
  National level                                                       
   Intercept         0.61          \<0.001   0.38     0.84   *N=*197   *R* ^2^=94.7%
   Log(CPR)          0.68          \<0.001   0.55     0.80             
   CPR^2^            3.57          \<0.001   3.15     3.99             
  Wealth quintiles                                                     
   Intercept         0.66          \<0.001   0.51     0.80   *N=*959   *R* ^2^=95.5%
   Log(CPR)          0.75          \<0.001   0.67     0.82             
   CPR^2^            3.58          \<0.001   3.27     3.89             

Source: DHS and MICS, 197 surveys from 1993 to 2012.

Our next step was to assess whether this relationship changed over time. For that, we added the year of the survey to the previous model and found no effect (*p*=0.348). We also tested the interaction between year and CPR and again found no effect (*p*=0.328).

Finally, we explored whether wealth was an effect modifier of the association between FPC and CPR. For that, we used estimates of FPC and CPR stratified by wealth quintiles, from the same surveys described above. [Figure 2](#F0002_29735){ref-type="fig"} also shows the linear and fractional polynomial models for the data stratified by wealth quintiles, prior to adjustment by wealth. The results obtained are very similar to those at the national level ([Table 2](#T0002_29735){ref-type="table"}), and now with more data points at the low end of the CPR it is clear that the inflection of the curve fits the data well.

We found that there is an independent effect of wealth quintiles (*p*\<0.001), but not effect modification (*p*=0.375). The results show that, for the same level of CPR, FPC increases slightly with wealth. The maximum difference between the poorest and the richest quintiles was observed when CPR was around 30%. At this point, FPC for the richest was only three percentage points higher than for the poorest (see Fig. A1 in the [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29735/0)).

Given that we found no important effect of either time or wealth, our predictive model of FPC using CPR as the sole predictor is warranted. The analysis of the residuals suggested that the fit is good (details in the [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29735/0)). We show in [Fig. 3](#F0003_29735){ref-type="fig"} the prediction curve with 95% confidence interval for the predicted average. A concordance analysis between predicted and observed values of FPC showed that the 95% limits of agreements were ±9.3 percentage points (see [Fig. A4 in the Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29735/0)).

![Predictive model for family planning coverage (FPC) based on contraceptive prevalence rate.](GHA-8-29735-g003){#F0003_29735}

We also present, in [Table 3](#T0003_29735){ref-type="table"}, predicted values for FPC at selected levels of CPR. The predictions in the original FPC scale were obtained by back-transforming the results in the logit scale.

###### 

Predicted values of family planning coverage (FPC) for a series of contraceptive prevalence (CPR) levels

  CPR coverage (%)                           Estimated FPC (%)                          CPR coverage (%)   Estimated FPC (%)   CPR coverage (%)                            Estimated FPC (%)
  ------------------------------------------ ------------------------------------------ ------------------ ------------------- ------------------------------------------- -------------------------------------------
  1[a](#TF0001_29735){ref-type="table-fn"}   8[a](#TF0001_29735){ref-type="table-fn"}   35                 58                  70                                          89
  5                                          20                                         40                 64                  75                                          92
  10                                         29                                         45                 69                  80                                          94
  15                                         36                                         50                 74                  85[a](#TF0001_29735){ref-type="table-fn"}   96[a](#TF0001_29735){ref-type="table-fn"}
  20                                         42                                         55                 78                  90[a](#TF0001_29735){ref-type="table-fn"}   97[a](#TF0001_29735){ref-type="table-fn"}
  25                                         47                                         60                 82                  95[a](#TF0001_29735){ref-type="table-fn"}   98[a](#TF0001_29735){ref-type="table-fn"}
  30                                         53                                         65                 86                  99[a](#TF0001_29735){ref-type="table-fn"}   98[a](#TF0001_29735){ref-type="table-fn"}

Predictions outside the data range for CPR (2--79%).

Discussion {#S0004_29735}
==========

FPC can be computed from surveys and is the most suitable indicator for the monitoring of progress of family planning programmes. However, the estimation of FPC involves a large number of questions in a survey and it is rather complex to calculate. The 2012 revised definition of *unmet need* tried to simplify its calculation and make it less dependent of unreliable questions ([@CIT0010_29735]). Still, around 15 questions are needed to establish all the defining items of this indicator, including whether 1) the woman is pregnant; 2) the woman is fecund; 3) she wants another baby within 2 years; 4) she is using contraception. A full list of the questions used in a DHS survey is presented in the DHS report 'Revising unmet need for family planning' (Appendix A in Ref. 10). CPR is a much simpler indicator and involves just asking whether the woman is using a contraceptive and, if yes, which one. However, it has several limitations. Most importantly, it is not a coverage indicator, as it will not (and should not) reach 100%, and there is no clear indication as to what is the desired prevalence for a given country.

Our analysis shows that it is possible to obtain a reliable and precise estimate of FPC from CPR alone. Using a large number of surveys covering a wide period (1993--2012) and different statistical models, we found a very strong association between FPC and CPR, yielding a predictive model that could explain 95% of the FPC variability. We also used estimates by wealth quintile to check whether the observed association at the country level would be different for wealth groups. The approach used to fit the models, fractional polynomials, was selected in order to allow for non-linearity in the association, while offering a large family of curves to choose from ([@CIT0014_29735]).

At a first look, being able to predict FPC from CPR alone may be a surprise given all the complexity involved in the definitions of FPC and unmet need, which include asserting women\'s current status in relation to fecundity, pregnancy, desire for more children, and so on. The answer lies in the empirical evidence that the defining variables of FPC, as we have shown, are highly correlated. Therefore, it is possible to make precise estimates of FPC without the need to take into account the other variables used in the calculation of FPC.

The increased sample size and variability of CPR offered by the analysis by wealth quintiles strengthened the results found at the country level. Specifically, it was possible to assess in more detail the shape of the association when CPR was very low, below 10%, which was more common for the poorest groups. It was also possible to show that there was no effect modification in the association between FPC and CPR by wealth group. The implication is that there is no need for adjustment for wealth or for group-specific predictions.

As expected, the proportion of women who want a child within 2 years is associated with FPC at the country level, but it makes very little difference to the final predictive model and can be ignored for all practical purposes.

The FPC indicator, as well as the conventional CPR, is limited to women who are married or in union. This is a drawback, as the use of family planning methods is at least as important for those not living in a union and exposed to the risk of pregnancy as for those in union ([@CIT0009_29735]). Many surveys report the proportion of sexually active unmarried women using contraception as well. Technically, a good additional FPC indicator would include all sexually active women of reproductive ages (i.e. exposed to the risk of pregnancy). This shift is beyond the scope of this paper, but the methods used here can be applied in the same way to find the best way to predict FPC among all sexually active women from CPR among all sexually active women at reproductive ages.

It has been proposed to focus the coverage indicator on modern contraceptives only ([@CIT0009_29735]). Here, we used both modern and traditional methods, but the method could easily be adapted to estimate coverage with modern contraceptives from the modern CPR.

Household surveys are the predominant source of data on contraceptive prevalence. Health facility data on current users and estimates of the population at risk (married women or sexually active women) could also provide an estimate of the CPR, which could then be converted into a coverage indicator. Currently, little use is made of such approaches because of data quality issues with facility data on family planning, such as incomplete reporting and double counting (see, e.g. [www.cpc.unc.edu/measure/prh/rh_indicators/specific/fp/cpr](http://www.cpc.unc.edu/measure/prh/rh_indicators/specific/fp/cpr)).

As many countries embark on universal health coverage, monitoring progress becomes increasingly important. The WHO/World Bank Universal Health Coverage monitoring framework proposes a focus on a set of indicators of intervention coverage and financial protection ([@CIT0015_29735]). FPC is considered a good indicator for all countries and could be used as a tracer indicator ([@CIT0007_29735]). The statistical model proposed in this paper thus contributes to comparable monitoring of universal health coverage by improving the availability of data on FPC by socio-economic and other characteristics.

Conclusions {#S0005_29735}
===========

FPC, also known as *demand for FPS*, is an important indicator for monitoring and policy making. It is also proposed as an indicator for monitoring one of the health targets of the sustainable development goals. In low- and middle-income countries, the FPC indicator is usually estimated from household surveys. However, it requires asking many additional questions, including some regarding exposure to the risk of pregnancy, fecundity, and desire for children. Many surveys only provide data on contraceptive prevalence and do not have adequate information to directly estimate FPC. Thus, we developed a predictive model that is at the same time simple and precise, making it possible to produce a very credible estimate of FPC using only contraceptive prevalence, which is an indicator obtained much more easily from surveys. Given that direct measurement of FPC takes into account several aspects such as whether women are fecund, want more children soon, and so on, along with their use of contraceptives, it may be surprising that we successfully tested such a simple model. The explanation is that all of these variables are highly correlated with each other, making such a model possible. FPC can reliably be predicted from contraceptive prevalence data using a simple mathematical model, which permits analysis of FPC trends and differentials using different types of surveys and allows the use of FPC in, for instance, analysis of progress towards universal health coverage.
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> Modern contraceptive use is one of the most studied issues in reproductive health, but few things are known about differentials at the sub-national level and their association with risk-high birth and child mortality. Despite a low modern contraceptive use rate in Burkina Faso, regional disparities can reflect an issue of equity in terms of family planning (FP) coverage. However, women\'s contact with the health system may represent a critical opportunity for promoting and increasing contraceptive use. Furthermore, improving the modern contraceptive use can result in greater birth spacing and may contribute to a reduction in the child mortality rate.

Despite some notable advances in the past few decades in improving access to and involvement in FP, the percentage of demand for modern contraception satisfied remains low in most sub-Saharan countries, along with high rates of maternal, neonatal, and child mortality. The average total fertility rate (TFR) in Burkina Faso declined slightly from 6.8 children per woman (1998) to 6.0 (2010), but remains one of the highest in the world. Although the maternal mortality ratio has nearly halved since 1990, from 770 maternal deaths per 100,000 live births (1990) to 400 (2013), the ratio is still high ([@CIT0001_29736]).

Even though child mortality rates have dropped significantly in recent decades, the country is still suffering the burden of high childhood mortality. The under-five mortality rate in Burkina Faso was 129 per 1,000 births between 2005 and 2010 ([@CIT0002_29736]), while the most common causes of mortality in 2013 included malaria, neonatal causes, pneumonia, and diarrhoea ([@CIT0003_29736]). Mortality rates have been linked to mothers' fertility characteristics, such as birth spacing, parity, or mothers' age at childbirth ([@CIT0004_29736], [@CIT0005_29736]).

The sub-Saharan African region is characterised by a comparatively strong demand for larger families ([@CIT0006_29736]), and it has experienced less fertility decline than other regions of the world ([@CIT0007_29736], [@CIT0008_29736]). One of the key proximate determinants of fertility ([@CIT0009_29736]) is low contraceptive use, especially the use of modern contraceptive methods ([@CIT0006_29736]). Overall, about 15% of women in a union used modern contraceptive methods and 23.8% had an unmet need for FP in 2010 in Burkina Faso ([@CIT0002_29736]). This low contraception use is characteristic of many countries in sub-Saharan Africa, where there are estimated to be approximately 14 million unplanned pregnancies annually ([@CIT0010_29736]). However, there is substantial variation in contraceptive use both between and within countries. For instance, contraceptive prevalence was, on average, 15% in western Africa, while the rate exceeded 33% in some eastern African countries ([@CIT0011_29736]). At the sub-national level, contraceptive prevalence rates are generally lower in rural areas as compared to urban areas, generally resulting in higher fertility rates being observed in rural areas ([@CIT0012_29736]).

In addition, low contraceptive use may result in increased mortality risks for both mothers and children. Indeed, an increased contraceptive use would have reduced by 40 percentage points the risk of maternal death within the last 20 years and improved child survival by reducing the risks of prematurity or low weight at birth as a result of lengthening the interval between births in developing countries ([@CIT0013_29736]). The association between contraceptive use and mortality is indirectly observed through fertility factors such as early births (mother\'s age at birth \<18 years), late births (mother\'s age at birth \>34 years), short birth spacing (\<24 months between births), and higher birth order or parity (\>3). Births in which any (or a combination) of these indicators are present are referred to as *high-risk births* ([@CIT0014_29736], [@CIT0015_29736]), that is, births that represent a potential increased mortality risk to both mothers and children.

The low contraceptive use and subsequent difficulties in fertility regulation are explained in the literature by various barriers. Contraceptive method--related reasons have been identified and may relate to geographic and financial impediments to contraceptive access or FP services, including a limited choice of methods or experiencing side effects ([@CIT0016_29736]--[@CIT0018_29736]). There are medical barriers, such as the quality of services, providers' biases, or medical and legal restrictions regarding access to certain methods ([@CIT0017_29736]--[@CIT0019_29736]). In some contexts, there are network barriers through social myths and misconceptions around contraception and partner and family approval of contraceptive decisions ([@CIT0020_29736]--[@CIT0022_29736]). Similarly, women\'s status in traditional society, place of residence, religious influence, social taboos, and cultural beliefs about high fertility represent potential sociocultural factors affecting modern contraceptive use ([@CIT0018_29736], [@CIT0022_29736], [@CIT0023_29736]). At the individual level, there are barriers related to women\'s background and around the quality of information about FP, the fear of adverse effects or the shame associated with affordability of particular methods, contact with health facilities, and women\'s sociodemographic characteristics (age, education, employment, marital status, parity, etc.) ([@CIT0016_29736], [@CIT0017_29736], [@CIT0021_29736], [@CIT0022_29736]).

Sociodemographics are the most studied of all factors explaining modern contraceptive use or non-use, as required variables are available in most data sources such as the Demographic and Health Surveys (DHS). Other barriers are often analysed through studies using mainly quantitative data from other specific cross-sectional surveys ([@CIT0020_29736]), and from qualitative data collection ([@CIT0023_29736], [@CIT0021_29736]).

Even though many investigations of modern contraceptive issues have been undertaken, few studies have shown an interest in exploring the relationship of birth risk and spatial heterogeneity. In this regard, the objective of this paper is to investigate the association between modern contraceptive use, distribution of birth risk, and under-five child mortality both nationally and regionally in Burkina Faso. Specifically, we describe differences in modern contraceptive use, TFR, and high-risk births over the time period of 1998--2010. The paper also investigates the association between modern contraceptive use, categories of high-risk births, and under-five child mortality. Lastly, the determinants or factors likely to be predictive of modern contraceptive use are explored at the national and sub-national levels.

Methods {#S0002_29736}
=======

Data and variables {#S0002-S20001_29736}
------------------

The analyses were performed using data from the last three DHS, conducted in Burkina Faso in 1998, 2003, and 2010, which were representative at both the national and regional levels, available as secondary data. There were five administrative regions in the data set from the survey carried out in 1998. Following a national administrative re-districting in July of 2001, the 2003 and 2010 surveys each contained information for 13 regions. For consistency, we conducted comparison over time by administrative regions using only the last two surveys (2003 and 2010). However, comparisons over time were performed using all three surveys by stratifying by place of residence (urban vs. rural). In this respect, it is worth stressing that Burkina Faso is a predominantly rural country, with only 23% of the population living in urban areas. Except for the Centre (15%) and Hauts-Bassins (62%) regions, which contain the two largest cities (Ouagadougou and Bobo-Dioulasso), the percentage of rural population in the other regions ranges between 81 and 93%; the Sahel and Est regions are the most rural ([@CIT0024_29736]). In Burkina Faso, about 60% of citizens are Muslims, in rural areas as well as urban areas. Muslims are more prevalent in the Nord (80%) and Sahel (96%) regions while the biggest proportions of Christians are in the Centre-Ouest (38%) and Centre (42%) regions ([@CIT0024_29736]). There are about 60 ethnic groups in Burkina Faso, but almost half of the population belongs to the Mossi group, who primarily live in the Plateau Central, Centre, Centre-Nord, Nord, and Centre-Ouest regions. The Peulh/Fulfulde (mainly in the Sahel and Nord regions), Bobo (in the Hauts-Bassins region), and Gourmantche (in the Est region) are the other important ethnic groups ([@CIT0002_29736]).

The primary outcome of interest was the use of any modern contraceptive method at the time of the survey (current use). According to the definition commonly used in the DHS, modern contraceptive methods include the following: female sterilisation, male sterilisation, use of the contraceptive pill, intrauterine contraceptive devices, injectables, implants, female condoms, male condoms, diaphragms, contraceptive foam, contraceptive jelly, lactational amenorrhoea method, or other country-specific modern methods ([@CIT0025_29736]). The population base for assessing the coverage of these methods was women in a union (married or living with a partner at the time of the survey), aged 15--49 years old.

Concerning children, many studies have stressed the impact of birth spacing and, indirectly, of modern contraceptive use on perinatal outcomes, neonatal mortality, and deaths among children in the first year of life ([@CIT0026_29736], [@CIT0027_29736]). However, both infancy (\<1 year) and early childhood periods (1--4 years) have been the major focus of other studies concerning birth interval and child survival relationships ([@CIT0004_29736], [@CIT0028_29736]). According to an analysis by Cleland et al. ([@CIT0013_29736]), the risk of death would fall by 10 and 21 percentage points in infancy and early childhood, respectively, if all childbirths were spaced by at least 2 years. In view of this evidence, we used the entire under-five group for analysis in this paper.

To examine the distribution of high-risk births, we explored the subset of women who had had at least one child within the 5 years preceding the survey. Births were assigned according to their risk factors (mother\'s age at the time of each childbirth, birth order, and birth spacing in relation to the previous birth) into the 11 categories commonly used ([@CIT0002_29736], [@CIT0014_29736]). These different categories are summarised in [Table 1](#T0001_29736){ref-type="table"}. Births can also be grouped into broader categories (i.e. single high risk or multiple high risk); combining single high risk and multiple high risk gives the category 'any high risk'. For analyses where we considered the last childbirth for each woman in the preceding 5 years, birth order naturally corresponded to parity of births as well.

###### 

Categories of risks related to fertility behaviour

  Category                                                                              Definition                                                                                                                  Abbreviation
  ------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------- ----------------------------
  No risk                                                                                                                                                                                                           
   Not in any risk category                                                             Second and third birth order born to mother between age 18 and 34 years and birth interval \>23 months                      No risk
  Unavoidable risk                                                                                                                                                                                                  
   First birth at age 18--34 years                                                      First child born to mother between ages 18 and 34 years                                                                     1st birth+MA=18--34 y
  Single high risk                                                                                                                                                                                                  
   Mother\'s age \<18 years                                                             Mother\'s age at birth \<18 years, birth order \<4, and birth interval \>23 months                                          MA\<18 y+BO\<4+BI\>23 m
   Mother\'s age \>34 years                                                             Mother\'s age at birth \>34 years, birth order \<4, and birth interval \>23 months                                          MA\>34 y+BO\<4+BI\>23 m
   Birth interval \<24 months                                                           Birth interval \<24 months, mother\'s age at birth 18--34 years, and birth order \<4                                        BI\<24 m+MA=18--34 y+BO\<4
   Birth order \>3                                                                      Birth order \>3, mother\'s age at birth 18--34 years, and birth interval \>23 months                                        BO\>3+MA=18--34 y+BI\>23 m
  Multiple high risk                                                                                                                                                                                                
   Mother\'s age \<18 years and birth interval \<24 months                              Mother\'s age at birth \<18 years and birth interval \<24 months or mother\'s age at birth \<18 years and birth order \>3   MA\<18 y+(BI\<24 m∣BO\>3)
   Mother\'s age \>34 years and birth interval \<24 months                              Mother\'s age at birth \>34 years, birth interval \<24 months and birth order \<4                                           MA\>34 y+BI\<24 m+BO\<4
   Mother\'s age \>34 years and birth order \>3                                         Mother\'s age at birth \>34 years, birth order \>3, and birth interval \>23 months                                          MA\>34 y+BO\>3+BI\>23 m
   Birth interval \<24 months and birth order \>3                                       Birth interval \<24 months, birth order \>3, and mother\'s age at birth 18--34 years                                        BI\<24 m+BO\>3+MA=18--34 y
   Mother\'s age at birth \>34 years, birth interval \<24 months, and birth order \>3   Mother\'s age at birth \>34 years, birth interval \<24 months, and birth order \>3                                          MA\>34 y+BI\<24 m+BO\>3

MA, mother\'s age at childbirth (y, years); BI, birth interval (m, months); BO, birth order.

In addition, covariates at the individual, household, and ecological levels were considered as potential confounders in regression analyses (see [Supplementary file](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29736/0)). These variables included households' wealth quintile, mothers' education level, mothers' ethnicity, mothers' religion, and mothers' age at the time of the survey. Ecological covariates were place of residence (urban vs. rural) and the 13 administrative regions. We also used, as a covariate, the time since last childbirth, corresponding to the age of the youngest child at the time of the survey.

To look for a possible influence of gender preference on contraceptive use, we had covariates related to the number of surviving male and female children born to each woman in the 5 years preceding the survey. Contact with the health system regarding contraceptive use was reflected by indicators such as 1) whether a woman undertook a postnatal health facility visit within 2 months after the last birth and 2) whether a woman had received information about FP during a health facility visit within the last 12 months.

Analysis {#S0002-S20002_29736}
--------

We analysed data using Stata 13.1 software ([@CIT0029_29736]). According to the survey design, all the analyses were run on weighted data where the Taylor linearisation series (TLS) ([@CIT0030_29736], [@CIT0031_29736]) was used for variance estimation. Descriptive statistics were used to describe patterns and trends of contraceptive use, distribution of high-risk births and under-five child mortality, and the interrelationships between these variables. To explore the relationship between contraceptive use, distribution of high-risk births, and under-five mortality at the regional level, we performed a time-series analysis where we first calculated women\'s modern contraceptive prevalence rates (mCPR) by region in 2003. Using 2003 as the reference year, fertility was observed for the next 5 years (until 2008). The regional distribution of high-risk births and the distribution of under-five mortality rates were computed for this same time period (see [Figs. 4](#F0004_29736){ref-type="fig"}--[6](#F0006_29736){ref-type="fig"}). A variance-weighted regression of TFRs was used to estimate the average annual rate of change (AAR) in fertility.

These analyses were carried out using the three surveys and considered both the national and sub-national levels. From the latest DHS (2010), we used multiple variable logistic regression models, adjusting for other covariates, to explore how high-risk birth recently experienced by women may have influenced modern contraceptive use afterwards. The high-risk birth factors were related to the characteristics of the latest childbirth for each woman between 2005 and 2010. Three regression models were developed, corresponding to rural areas, urban areas, and the entire population, for which adjusted odds ratios (aOR), 95% confidence intervals (95% CI), and *p*-values were reported.

Results {#S0003_29736}
=======

Descriptive analyses {#S0003-S20001_29736}
--------------------

### Patterns and trends of modern contraceptive use

In Burkina Faso, the mCPR by women in a union with at least one child tripled from 1998 to 2010 (5.0--15.4%), yet still remained low (see [Fig. 1](#F0001_29736){ref-type="fig"}). Women in rural areas had lower mCPR than those in urban areas across all time points. The mCPR in rural areas rose from 2.7% in 1998 to 11.3% in 2010. The largest absolute increase occurred in urban areas between 1998 and 2003, where there was an increase of nearly 10 percentage points. Indeed, 3 out of 10 urban women used a modern method in 2003, compared with 2 out of 10 in 1998. Nevertheless, we did not observe a significant change in modern contraceptive use in urban areas between 2003 and 2010, although the latest survey indicated that urban mCPR remained higher compared with the prevalence in rural areas.

![Modern contraceptive use by women in a union by year and by location of residence in Burkina Faso.](GHA-8-29736-g001){#F0001_29736}

At the regional level (looking at administrative regions), we observed great disparities in modern contraception use between regions (see [Table 2](#T0002_29736){ref-type="table"}). In the latest survey (2010), mCPR was less than 10% in 4 out of 13 regions: Sahel (7.5%), Centre-Est (9.3%), Centre-Nord, and Centre-Ouest (9.8%). Generally speaking, the regions with the lowest mCPRs were more likely to be rural, poorer, have higher illiteracy rates, and belong to the Muslim or animist faiths. The highest mCPRs were observed in the Centre (31.3%) and Hauts-Bassins (28.1%) regions, which host Burkina Faso\'s political and economic capitals. From 2003 to 2010, contraception prevalence changed significantly in only four regions: Hauts-Bassins, Centre-Sud, Plateau Central, and Est. In Hauts-Bassins, mCPR increased by 16.0 percentage points during that time, while Centre-Sud, Plateau Central, and Est recorded gains of 11.5, 9.8, and 8.9 percentage points, respectively. Nationally, modern contraceptive use increased by 6.1 percentage points.

###### 

Distribution of women in a union with at least one child by regional modern contraceptive prevalence rates and change over time

                      mCPR 2003   mCPR 2010      mCPR change 2003--2010   Unweighted number                                                               
  ------------------- ----------- -------------- ------------------------ ------------------- ------ -------------------------------------------- ------- --------
  Boucle du Mouhoun   11.0        (7.5--16.0)    12.1                     (9.0--16.1)         1.1    ns                                           697     1,429
  Cascades            13.8        (9.9--19.0)    18.8                     (15.3--22.9)        5.0    ns                                           293     495
  Centre              27.1        (21.6--33.4)   31.3                     (27.5--35.4)        4.2    ns                                           791     1,337
  Centre-Est          5.5         (3.4--8.9)     9.3                      (7.0--12.2)         3.8    ns                                           747     964
  Centre-Nord         7.3         (5.1--10.3)    9.8                      (7.7--12.5)         2.5    ns                                           814     965
  Centre-Ouest        6.5         (4.7--9.0)     9.8                      (6.9--13.9)         3.3    ns                                           631     987
  Centre-Sud          5.6         (4.2--7.5)     17.1                     (13.8--20.9)        11.5   [\*\*](#TF0001_29736){ref-type="table-fn"}   517     587
  Est                 2.5         (1.3--4.9)     11.4                     (9.3--14.1)         8.9    [\*\*](#TF0001_29736){ref-type="table-fn"}   724     1,199
  Hauts-Bassins       12.1        (8.3--17.2)    28.1                     (24.3--32.3)        16.0   [\*\*](#TF0001_29736){ref-type="table-fn"}   1,111   1,409
  Nord                8.9         (6.0--13.1)    10.8                     (8.2--14.0)         1.9    ns                                           924     935
  Plateau Central     5.1         (3.2--8.0)     14.9                     (11.8--18.6)        9.8    [\*\*](#TF0001_29736){ref-type="table-fn"}   453     610
  Sahel               3.5         (1.6--7.2)     7.5                      (5.1--10.8)         4.0    ns                                           656     1,014
  Sud-Ouest           7.5         (4.0--13.7)    10.6                     (8.0--13.9)         3.1    ns                                           431     537
  Total               9.3         (8.0--10.7)    15.4                     (14.2--16.7)        6.1    [\*\*](#TF0001_29736){ref-type="table-fn"}   8,788   12,467

Change significant at *p*\<0.05;

ns, change not significant at *p*\<0.05; mCPR, modern contraceptive prevalence rates; CI, confidence interval; ns, not significant; sig., significance.

### TFR and distribution of births by high-risk factors

Burkina Faso, with a TFR of 6.0 children per woman in 2010 (see [Table 3](#T0003_29736){ref-type="table"}), is among the countries with the highest fertility rates in the world. From 1998 to 2010, the AAR showed a significant but very small decrease in TFRs, barely −0.06 children per woman a year. The annual rate of fertility decline was greater over the 1998--2003 period (−0.11 children per woman a year), compared to the 2003--2010 period, where the AAR was not significant. Contrary to the change over time, there was substantial variation in the TFR according to place of residence and administrative region. In the 2010 survey, the TFR in rural areas (6.8 children per woman) was nearly double that of urban areas (3.9 children per woman). On the basis of administrative region (see [Fig. 3](#F0003_29736){ref-type="fig"}), the TFR ranged from a low of 3.7 children per woman (Centre) to a high of 7.5 children per woman in the Sahel and Est regions. As expected, there was a negative relationship between contraception use and TFRs, where regions with the highest mCPRs had the lowest TFRs and vice versa.

###### 

Trends of total fertility rates and standard errors of total fertility rates by location of residence in Burkina Faso

         Rural areas   Urban areas   Nationwide                   
  ------ ------------- ------------- ------------ -------- ------ --------
  1998   7.31          (0.10)        4.05         (0.16)   6.80   (0.11)
  2003   6.86          (0.10)        3.74         (0.20)   6.24   (0.13)
  2010   6.85          (0.07)        3.92         (0.13)   6.09   (0.10)

TFR, total fertility rates; SE-TFR, standard errors of TFR.

The distribution of births by high-risk categories showed that 38% of births occurring between 2005 and 2010 were characterised by a single high-risk fertility behaviour, while 20.3% of births had multiple high-risk factors. In other words, nearly 6 out of 10 births (58.3%) had at least one high-risk factor (see [Table 4](#T0004_29736){ref-type="table"}). High parity birth (birth order \>3) was the most substantial high risk factor in the single risk category, consistent with the observation that Burkina Faso has a high TFR. Short birth spacing (\<24 months) was an important factor too, but it appeared more commonly as part of multiple high-risk factors. Within the multiple high-risk category, the most common combination was late birth (mother\'s age \>34) combined with short birth spacing (13.8% of births), followed by the combination of short birth spacing with high parity birth (4.8%). The distribution of factors for high-risk birth exhibited no significant changes in the rate of single high-risk factors over time (2010 vs. 1998). Within multiple high-risk categories, only the category combining late birth with high parity birth recorded a slight significant decrease in rate (−2.0 percentage points) during this period.

###### 

Distribution of births by risk category, changes over time, and relationships to under-five child mortality

                                                                       Births in the 5 years preceding each survey (%)   Under-five mortality rates in the 5 years preceding each survey (per 1,000)   Unweighted number of births                                                 
  -------------------------------------------------------------------- ------------------------------------------------- ----------------------------------------------------------------------------- -------------------------------------------- ----------- ---------- ------- --------
  Not in any high risk category                                        28.2                                              4.7                                                                           [\*\*](#TF0002_29736){ref-type="table-fn"}   101.7       −94.7      1,410   4,177
  Unavoidable risk category                                                                                                                                                                                                                                                        
   First birth between ages 18 and 34 years                            13.4                                              1.2                                                                           ns                                           106.0       −143.3     730     1,985
  Single high risk category                                                                                                                                                                                                                                                        
   Mother\'s age \<18 years                                            4.6                                               −0.9                                                                          ns                                           161.7       −123.5     330     677
   Mother\'s age \>34 years                                            0.5                                               −0.2                                                                          ns                                           91.8        91.8       15      79
   Birth interval \<24 months                                          3.8                                               −0.9                                                                          ns                                           190.6       −43.1      280     569
   Birth order \>3                                                     29.0                                              0.1                                                                           ns                                           123.6       −57.5      1,737   4,296
  *Subtotal*                                                           *38.0*                                            −*1.3*                                                                        ns                                           *134.9*     −*68.7*    2,363   5,620
  Multiple high risk category                                                                                                                                                                                                                                                      
   Age \<18 years and birth interval \<24 months                       \[0.2\]                                           \[−0.5\]                                                                      [\*\*](#TF0002_29736){ref-type="table-fn"}   \[291.6\]   \[75.3\]   41      31
   Age \>34 years and birth interval \<24 months                       \#                                                \#                                                                            \#                                           \#          \#         2       5
   Age \>34 years and birth order \>3                                  13.8                                              −1.7                                                                          ns                                           112.1       −85.1      932     2,045
   Birth interval \<24 months and birth order \>3                      4.8                                               −2.0                                                                          [\*\*](#TF0002_29736){ref-type="table-fn"}   212.4       −78.6      410     714
   Age \>34 years and birth interval \<24 months and birth order \>3   1.4                                               −0.6                                                                          ns                                           270.1       −5.4       119     212
  *Subtotal*                                                           *20.3*                                            −*4.7*                                                                        [\*\*](#TF0002_29736){ref-type="table-fn"}   *155.1*     −*79.9*    1,504   3,006
  In any high-risk category                                            58.3                                              −6.1                                                                          [\*\*](#TF0002_29736){ref-type="table-fn"}   142.0       −73.9      3,867   8,626
  Total                                                                100                                               --                                                                                                                         126.2       −89.4      6,008   14,789

Change significant at *p*\<0.05;

ns, change not significant at *p*\<0.05; \[*x*\], estimates based on unweighted cases between 25 and 50; \#, estimates based on fewer than 25 unweighted cases.

[Figure 2](#F0002_29736){ref-type="fig"} presents the distribution of births classified as high risk, by place of residence and the change over time. For each year, we noted that the proportion of high-risk births was larger in rural areas than urban areas. Nearly 48.7% of births in 1998 in urban areas were in at least one high-risk category, while this proportion dropped to 40.7% in 2010. Conversely, 66% of rural births in 1998 were high risk compared with 61.7% in 2010. The national trends are more reflective of the rural trends, given that 84.5 and 77.3% of the population was rural in 1996 and 2006, respectively ([@CIT0024_29736]). The regional distribution of birth risk factors was examined (see [Fig. 3](#F0003_29736){ref-type="fig"}). As expected, regions with a low TFR had a higher percentage of births with no risk compared with regions having a higher TFR. The percentage of high-risk births was lowest in the Centre and Hauts-Bassins regions and highest in the Sahel and Est regions. Consistent with expectations, the regions with the highest mCPRs had the lowest percentages of high-risk births.

![Distribution of high-risk births by location of residence over time in Burkina Faso.](GHA-8-29736-g002){#F0002_29736}

![Distribution of births by risk factors and by region (total fertility rate: TFR) in 2010 in Burkina Faso.](GHA-8-29736-g003){#F0003_29736}

### Relationships between modern contraceptive use, high-risk births, and under-five child mortality

In general, there was a strong association between factors for high-risk birth and under-five mortality. Births belonging to any high-risk category had an under-five mortality rate of 142.0 deaths per 1,000 live births compared to 106.0 for births in the 'unavoidable risk' category and 101.7 for births classified as 'not in any high-risk category' (see [Table 4](#T0004_29736){ref-type="table"}). Among the high-risk categories, the mortality rate was 155.1 for multiple high-risk births compared with 134.9 for single high-risk births. The births that combined the risk factors of late birth, short birth spacing, and high birth parity had an under-five mortality rate of 270.1 per 1,000 live births compared with 212.1 for births that had short birth interval and high birth parity. Short birth spacing had the highest under-five mortality rate (190.0 per 1,000 live births) of any single high-risk factor. This factor also contributed to mortality in four out of the five multiple high-risk categories.

[Figures 4](#F0004_29736){ref-type="fig"}--[6](#F0006_29736){ref-type="fig"} show a strong negative relationship of modern contraceptive use with the distribution of high-risk births and under-five mortality, where the regions characterised by low contraceptive use had the highest level of high-risk births and deaths of children, and vice versa. The Sahel region, with an mCPR of 3.5% in 2003, had 72.8% of births between 2003 and 2008 identified as high-risk and an under-five mortality rate of 205.0 per 1,000 live births. The mCPR, high-risk birth rates, and child mortality rates showed similar patterns in the Est (2.5%, 70.4%, and 157.8 per 1,000, respectively) and Sud-Ouest (7.5%, 65.0%, and 217.6 per 1,000, respectively) regions. The situation was reversed in the more urban Centre and Hauts-Bassins regions, where the comparatively higher mCPRs were associated with lower percentages of high-risk births and lower under-five mortality rates.

![Modern contraceptive prevalence rates by region in 2003 in Burkina Faso.](GHA-8-29736-g004){#F0004_29736}

![High-risk births distribution by region among children born between 2003 and 2008 in Burkina Faso.](GHA-8-29736-g005){#F0005_29736}

![Under-five mortality rates by region among children born between 2003 and 2008 in Burkina Faso.](GHA-8-29736-g006){#F0006_29736}

Multivariate analyses {#S0003-S20002_29736}
---------------------

### Extent to which high-risk birth factors are associated with modern contraceptive use

After adjusting for all covariates, high birth parity was not a significant predictor of contraceptive use in rural areas, but it was a predictor in urban areas and at the national level (see [Table 5](#T0005_29736){ref-type="table"}). In urban areas, the odds of women with parity higher than three children using contraception was more than twice that of women with just one child (aOR=2.17, 95% CI: 1.10--4.27), while national aOR was 1.49 (95% CI: 1.02--2.17). Rural women who experienced a short birth spacing for the latest childbirth were more likely to use modern contraception (aOR=1.61, 95% CI: 1.20--2.17) afterwards than those who had births spaced by more than 35 months. In urban areas, the latter group of women reported significantly greater contraceptive use compared to women who had birth intervals of between 24 and 35 months. We did not find any significant association between modern contraceptive use and the mother\'s age at childbirth, after adjusting the odds ratios.

###### 

Adjusted odds ratios from logistic regression models of modern contraceptive use by women in a union with a child born in the preceding 5 years in Burkina Faso

                                            Model 1 -- rural area   Model 2 -- urban area   Model 3 -- nationwide                                                                                                                     
  ----------------------------------------- ----------------------- ----------------------- ---------------------------------------------- ------ -------------- ---------------------------------------------- ------ -------------- ----------------------------------------------
  Mother\'s age at birth                                                                                                                                                                                                              
   \<18                                     0.82                    (0.41--1.63)            ns                                             1.08   (0.33--3.57)   ns                                             0.91   (0.51--1.62)   ns
   18--34                                   1.12                    (0.78--1.61)            ns                                             1.42   (0.69--2.92)   ns                                             1.19   (0.86--1.66)   ns
   35--49                                   1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
  Parity/birth order                                                                                                                                                                                                                  
   1                                        1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   2--3                                     1.22                    (0.85--1.76)            ns                                             1.88   (1.25--2.84)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   1.42   (1.08--1.87)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   \>3                                      1.21                    (0.78--1.89)            ns                                             2.17   (1.10--4.27)   [\*\*](#TF0004_29736){ref-type="table-fn"}     1.49   (1.02--2.17)   [\*\*](#TF0004_29736){ref-type="table-fn"}
  Birth interval                                                                                                                                                                                                                      
   First birth                              n/a                                                                                            na                                                                   na                    
   9--23 months                             1.61                    (1.20--2.17)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.94   (0.50--1.77)   ns                                             1.41   (1.07--1.85)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   24--35 months                            0.98                    (0.79--1.21)            ns                                             0.70   (0.52--0.95)   [\*\*](#TF0004_29736){ref-type="table-fn"}     0.89   (0.75--1.06)   ns
   36+ months                               1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Missing                                  2.63                                            ns                                             0.67   (0.10--4.56)   ns                                             0.75   (0.09--6.06)   ns
  Sons born within preceding 5 years                                                                                                                                                                                                  
   0                                        1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   1                                        1.34                    (1.07--1.67)            [\*\*](#TF0004_29736){ref-type="table-fn"}     1.09   (0.77--1.56)   ns                                             1.24   (1.02--1.49)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   2--3                                     1.16                    (0.79--1.73)            ns                                             0.88   (0.47--1.64)   ns                                             1.06   (0.76--1.49)   ns
  Daughters born within preceding 5 years                                                                                                                                                                                             
   0                                        1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   1                                        1.16                    (0.91--1.47)            ns                                             1.11   (0.79--1.56)   ns                                             1.13   (0.93--1.38)   ns
   2--3                                     1.20                    (0.80--1.80)            ns                                             0.95   (0.49--1.86)   ns                                             1.09   (0.77--1.55)   ns
  Time since last birth                                                                                                                                                                                                               
   \<1 year                                 0.20                    (0.15--0.28)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.26   (0.16--0.40)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.22   (0.17--0.29)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   1--2 years                               0.83                    (0.67--1.03)            [\*](#TF0003_29736){ref-type="table-fn"}       0.75   (0.55--1.01)   [\*](#TF0003_29736){ref-type="table-fn"}       0.81   (0.68--0.97)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   3+ years                                 1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
  Told about FP at health facility?                                                                                                                                                                                                   
   No                                       1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Yes                                      3.17                    (2.52--3.99)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   2.21   (1.63--3.00)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   2.81   (2.34--3.38)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Did not visit health facility            0.76                    (0.58--0.99)            [\*\*](#TF0004_29736){ref-type="table-fn"}     0.77   (0.53--1.12)   ns                                             0.75   (0.60--0.93)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
  Postnatal check at health facility?                                                                                                                                                                                                 
   No                                       1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Yes                                      1.04                    (0.80--1.36)            ns                                             1.19   (0.81--1.74)   ns                                             1.10   (0.89--1.37)   ns
   Missing                                  1.01                    (0.60--1.71)            ns                                             0.84   (0.43--1.63)   ns                                             0.98   (0.66--1.47)   ns
  Location of residence                                                                                                                                                                                                               
   Urban                                    --                                                                                             --                                                                   1.26   (0.99--1.60)   [\*](#TF0003_29736){ref-type="table-fn"}
   Rural                                    --                                                                                             --                                                                   1.00   (ref.)         
  Administrative region                                                                                                                                                                                                               
   Boucle du Mouhoun                        0.38                    (0.23--0.62)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   1.34   (0.65--2.74)   ns                                             0.69   (0.46--1.03)   [\*](#TF0003_29736){ref-type="table-fn"}
   Cascades                                 0.36                    (0.18--0.68)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.71   (0.41--1.21)   ns                                             0.58   (0.36--0.93)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Centre                                   1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Centre-Est                               0.38                    (0.21--0.67)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.69   (0.44--1.09)   ns                                             0.60   (0.40--0.88)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Centre-Nord                              0.44                    (0.28--0.71)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.82   (0.43--1.57)   ns                                             0.69   (0.46--1.03)   [\*](#TF0003_29736){ref-type="table-fn"}
   Centre-Ouest                             0.36                    (0.20--0.66)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.78   (0.48--1.27)   ns                                             0.60   (0.38--0.94)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Centre-Sud                               0.73                    (0.48--1.12)            ns                                             0.92   (0.51--1.65)   ns                                             1.09   (0.77--1.55)   ns
   Est                                      0.50                    (0.31--0.82)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   1.89   (0.75--4.79)   ns                                             0.85   (0.56--1.29)   ns
   Hauts-Bassins                            0.86                    (0.54--1.39)            ns                                             1.17   (0.73--1.85)   ns                                             1.24   (0.86--1.80)   ns
   Nord                                     0.40                    (0.26--0.62)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.96   (0.57--1.64)   ns                                             0.66   (0.46--0.95)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Plateau Central                          0.45                    (0.28--0.72)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.54   (0.27--1.10)   [\*](#TF0003_29736){ref-type="table-fn"}       0.67   (0.44--1.01)   [\*](#TF0003_29736){ref-type="table-fn"}
   Sahel                                    0.65                    (0.33--1.28)            ns                                             1.25   (0.58--2.71)   ns                                             0.94   (0.53--1.67)   ns
   Sud-Ouest                                0.34                    (0.12--1.01)            [\*](#TF0003_29736){ref-type="table-fn"}       0.84   (0.45--1.57)   ns                                             0.64   (0.35--1.17)   ns
  Wealth quintile                                                                                                                                                                                                                     
   Poorest                                  1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Poorer                                   1.31                    (1.01--1.69)            [\*\*](#TF0004_29736){ref-type="table-fn"}     1.83   (0.95--3.51)   [\*](#TF0003_29736){ref-type="table-fn"}       1.30   (1.02--1.66)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Middle                                   1.25                    (0.96--1.61)            [\*](#TF0003_29736){ref-type="table-fn"}       2.16   (0.97--4.84)   [\*](#TF0003_29736){ref-type="table-fn"}       1.30   (1.02--1.66)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Richer                                   1.95                    (1.48--2.56)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   2.96   (1.59--5.51)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   2.08   (1.62--2.68)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Richest                                  3.93                    (2.71--5.70)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   4.88   (2.55--9.32)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   3.55   (2.63--4.80)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
  Educational attainment                                                                                                                                                                                                              
   No education                             1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Primary                                  1.77                    (1.38--2.28)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   1.12   (0.82--1.53)   ns                                             1.48   (1.21--1.80)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Secondary or greater                     5.53                    (3.43--8.93)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   2.24   (1.57--3.21)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}   3.00   (2.24--4.02)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
  Ethnicity                                                                                                                                                                                                                           
   Mossi                                    1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Bobo                                     2.15                    (1.43--3.23)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   1.29   (0.82--2.03)   ns                                             1.88   (1.37--2.58)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Peulh                                    0.54                    (0.33--0.87)            [\*\*](#TF0004_29736){ref-type="table-fn"}     0.94   (0.52--1.69)   ns                                             0.62   (0.42--0.90)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Gourmantche                              0.74                    (0.47--1.16)            ns                                             0.58   (0.17--1.98)   ns                                             0.74   (0.49--1.10)   ns
   Gourounsi                                0.72                    (0.38--1.37)            ns                                             1.51   (0.74--3.06)   ns                                             0.85   (0.53--1.34)   ns
   Lobi/Dagara                              1.53                    (0.55--4.28)            ns                                             1.26   (0.69--2.29)   ns                                             1.28   (0.74--2.23)   ns
   Bissa                                    1.30                    (0.80--2.09)            ns                                             1.13   (0.65--1.95)   ns                                             1.24   (0.88--1.76)   ns
   Other ethnicity                          1.08                    (0.68--1.72)            ns                                             0.92   (0.52--1.62)   ns                                             0.96   (0.67--1.36)   ns
   Other country                            0.71                    (0.16--3.03)            ns                                             1.01   (0.40--2.55)   ns                                             0.87   (0.37--2.05)   ns
  Religion                                                                                                                                                                                                                            
   Muslim                                   1.00                    (ref.)                                                                 1.00   (ref.)                                                        1.00   (ref.)         
   Catholic                                 1.16                    (0.92--1.46)            ns                                             1.44   (1.02--2.03)   [\*\*](#TF0004_29736){ref-type="table-fn"}     1.28   (1.06--1.55)   [\*\*](#TF0004_29736){ref-type="table-fn"}
   Protestant                               2.22                    (1.54--3.21)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.97   (0.59--1.58)   ns                                             1.78   (1.30--2.45)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
   Traditional                              0.55                    (0.37--0.82)            [\*\*\*](#TF0005_29736){ref-type="table-fn"}   0.54   (0.24--1.19)   ns                                             0.56   (0.39--0.81)   [\*\*\*](#TF0005_29736){ref-type="table-fn"}
  Mother\'s age at time of survey           1.03                    (0.91--1.18)            ns                                             0.95   (0.76--1.18)   ns                                             0.99   (0.89--1.11)   ns
  Mother\'s age squared at time of survey   1.00                    (1.00--1.00)            ns                                             1.00   (1.00--1.00)   ns                                             1.00   (1.00--1.00)   ns

*p*\<0.10,

*p*\<0.05,

*p*\<0.01.

ns, not significant; na, not applicable; aOR, adjusted odds ratio; CI, confidence interval; ref., value of reference.

### Modern contraception use in relation to gender preference, time since childbirth, and contact with the health system

Overall, the analyses demonstrated that the number of daughters born and still alive in the 5 years preceding the time of survey was not associated with the probability of using modern contraception (see [Table 5](#T0005_29736){ref-type="table"}). However, in rural areas and nationally, women who had one son during the last 5 years were more likely (aOR=1.34, 95% CI: 1.07--1.67 in rural areas; aOR=1.24, 95% CI: 1.02--1.49 nationally) to use a contraceptive method than those without a male child.

The odds of using modern contraception were significantly lower for women who had given birth within the previous year (aOR=0.22, 95% CI: 0.17--0.29 nationally; aOR=0.20, 95% CI: 0.15--0.28 in rural areas; aOR=0.26, 95% CI: 0.16--0.40 in urban areas), as well as for women whose most recent childbirth was 1 to 2 years ago (aOR=0.81, 95% CI: 0.68--0.97 nationally).

Post-natal visits within 2 months of childbirth was not significant in predicting use of contraception. In contrast, whether the woman visited a health facility within the last 12 months and was told about FP was significantly associated (*p*\<0.01), nationally as well as in urban and rural areas, with odds of using contraception, two to three times higher than that of women who were not told about FP at a health facility. Moreover, modern contraceptive use was lower for women who did not have a health facility visit within the last 12 months nationally and in rural areas.

### Place of residence and cultural and socio-economic characteristics as determinants of modern contraception use

Modern contraceptive use was more likely in urban areas (aOR=1.26, 95% CI: 0.99--1.60) compared to rural areas in Burkina Faso (see [Table 5](#T0005_29736){ref-type="table"}). Considering the total population in each region, modern contraceptive use was lower in Centre-Est (aOR=0.60, 95% CI: 0.40--0.88), Centre-Ouest (aOR=0.60, 95% CI: 0.38--0.94), and Nord (aOR=0.66, 95% CI: 0.46--0.95), compared with the Centre region. After controlling for the urban/rural designation, modern contraceptive use was lower in the rural parts of most regions (excepting Hauts-Bassins, Sahel, and Centre-Sud) with significantly lower use in Centre-Ouest (aOR=0.36, 95% CI: 0.20--0.66), Centre-Est (aOR=0.38, 95% CI: 0.21--0.67), and Nord (aOR=0.40, 95% CI: 0.26--0.62). For the model using urban data, modern contraceptive use was not significantly different between regions.

Modern contraceptive use generally increased with increasing household wealth and women\'s education attainment in all three models -- urban, rural, and national. For instance, the odds of using modern contraception were more than three times higher for women in the richest household wealth quintile compared to women in the poorest wealth quintile in all models. Similarly, contraceptive use was significantly higher in women with at least a secondary education compared to women with no education, while nationally the odds of a more educated woman using modern contraception were about three times higher than those of an uneducated woman. While both were statistically significant (*p\<*0.01), it was noted that the odds ratio for women with at least a secondary education in rural areas (aOR=5.53, 95% CI: 3.43--8.93) was higher than that of women in urban areas (aOR=2.24, 95% CI: 1.57--3.21), suggesting that the relationship between education and contraception use may be stronger in rural than urban areas. It should be noted that only 1.8% of the rural women were identified as having secondary or higher education, compared with 22.8% in urban areas and 5.5% overall.

Women from the Bobo ethnic group were more likely to use modern contraception (aOR=1.88, 95% CI: 1.37--2.58 nationally) than women from the Mossi ethnic group (the reference ethnic group making up 51.6% of the total women in the dataset nationally). In contrast, women in the Peulh ethnic group were much less likely to use modern contraception (aOR=0.62, 95% CI: 0.42--0.90 nationally). Religious affiliation was also a significant predictor of modern contraceptive use nationally. Compared to the Muslim religion group (63.9% of the total women in the data set), Catholic (aOR=1.28, 95% CI: 1.06--1.55) and Protestant (aOR=1.78, 95% CI: 1.30--2.45) women were more likely to be users. Women associated with traditional religions were less likely to be using modern contraception (aOR=0.56, 95% CI: 0.39--0.81).

Discussion {#S0004_29736}
==========

Even though modern contraceptive use represents one of the most studied issues in reproductive health, few things are known about its associations with birth risk and child mortality at both the national and sub-national levels. In this respect, our results clearly showed a strong relationship between modern contraceptive use and the distribution of high-risk births, as low contraceptive use was associated with the highest rates of birth risk and child mortality. Although these findings applied to most regions in Burkina Faso, the issue was more noticeable in the Sahel, Est, and Sud-Ouest regions. We also found a strong relationship between child mortality and factors for high-risk birth, such as short birth intervals (\<24 months). This may indicate that programmes for improving the percentage of demand satisfied for modern methods of contraception in this country may result not only in a decline in unplanned pregnancies, but may also change the percentage and distribution of high-risk births. Improving modern contraceptive use can result in greater birth spacing and may lead to reductions in child mortality. This opportunity exists throughout Burkina Faso, as the percentage of demand for modern contraceptive methods satisfied was only 37.2% nationally, ranking between 25.2 and 53.2% in various regions in the 2010 DHS survey.

While women generally had a high level of knowledge about modern methods of contraception (98%) ([@CIT0002_29736]), the overall usage in 2010 was comparatively low at 15.4%, maybe a reflection of combined lack of demand and barriers in supply and demand. Similar to previous studies ([@CIT0032_29736], [@CIT0006_29736], [@CIT0012_29736]), we confirmed nevertheless that modern contraceptive use was more likely in urban areas compared to rural areas in Burkina Faso. In addition, there was no significant increase in mCPR, especially where the prevalence was already higher in 2003. Data from the next DHS in Burkina Faso may facilitate understanding of whether this was just a short-term stall in mCPR increase.

The observation that modern contraceptive use was higher among wealthier households in both urban and rural areas after controlling for factors such as education may reflect issues of supply, demand, or affordability. Given DHS limitations for examining institutional and economic barriers to usage, further investigations are needed to determine what is driving these issues. A key insight from this research involves the critical relationship between women\'s interactions with the health system and the use of modern contraception. The importance of the health system was emphasised by the observation that the odds of using modern contraceptives were more than doubled for women who had been informed about FP during a health facility visit in the last 12 months, as compared to women who had visited a facility but were not informed. This difference may also reflect the current model of delivery of FP services, which are mainly provided through health facilities as opposed to being community-based. The results suggest, however, that programming that integrates FP information into antenatal and postnatal care health facility visits is likely to have a substantial impact on contraceptive prevalence rates. In the light of that, it should be worthwhile to take account of and leverage this integration opportunity in future programmes.

The results suggested that ethnic group and religious affiliation were significant cultural factors in predicting the use of modern contraception. After controlling for other covariates, lower contraceptive use was observed for women belonging to the Peulh ethnic group and among those who were Muslim or in traditional/animist religions. Qualitative analysis of data on perceptions, values, and cultural beliefs may need to be performed to better understand the barriers and the potential unmet needs for FP among those populations. It is important that FP messaging be sensitive to the diverse cultural and ethnic groups within Burkina Faso.

As previously mentioned, high-risk births may represent a potential increased mortality risk to both mothers and children, which we hoped to address specifically. However, available data did not permit analysis of the relationship between mCPR or birth risk and maternal mortality, since there were no detailed data on women who died. The key limitations of this study related to the data source itself, the DHS and, more generally, retrospective surveys. Much of the data for this survey was based on recall, including the enumeration of births, reporting of early neonatal deaths, recollection of timing of facility visits, and corresponding exposure to FP information. Recall bias and error may have resulted in underreporting of early neonatal death cases or childbirths, or in inaccuracy of timing related to reported events. In addition to recall issues, this analysis focused on births that occurred within the 5 years preceding the survey. As a result, it is possible that changes occurred to the mother\'s individual, household, or ecological characteristics during the time gap between the survey and the birth being used for the analysis. Specifically, one could envision situations such as the birth being referenced occurring during a time when the mother was living in a rural area but, at the time of the survey, she was recorded as living in an urban area. Future research could explore the influence of this issue through sensitivity analysis around the time window used for previous births.

Conclusion {#S0005_29736}
==========

In Burkina Faso, modern contraception prevalence remains low, despite a high level of knowledge about FP. Moreover, the regional heterogeneity highlighted can reflect an issue of equity in terms of FP coverage. Increasing the demand satisfied by modern contraception would reduce the percentage of births that are high risk and probably result in reducing child mortality through a variety of mechanisms, including achieving a lower percentage of short-interval births. Contact with the health system is a critical opportunity for promoting modern contraceptive use and, more broadly, for FP programming. FP programming that is integrated into routine care as well as antenatal and postnatal visits is likely to have significant impact, enabling Burkina Faso to reduce the unmet need for FP and enabling women to fully exercise their reproductive rights.
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> Family planning contributes to the decline in child mortality by decreasing the proportions of births that are considered high risk. A majority of births in Ethiopia (62%) fall in one of the risk categories, with substantial region-to-region variation. Births in Somali, Afar, and Benishangul-Gumuz regions had significantly higher odds of having one of the avoidable risk factors compared to Addis Ababa. Family planning programmes need to identify differentials of modern contraceptive use at the sub-national level in order to better address coverage and equity issues.

Family planning programmes contribute to improving child survival by reducing the proportion of 'high-risk' births ([@CIT0001_29720]--[@CIT0005_29720]). Generally, the three demographic groups of children who are considered to be at a higher risk of mortality are those born to very young mothers (less than 18 years of age), those born to older women (past 40 years of age), and those born too soon after a previous birth (less than 2 years) ([@CIT0002_29720]).

Evidence shows that there is a strong negative correlation between levels of contraceptive use and levels of high-risk births and infant mortality. High-risk births account for large proportions of births in developing regions. For example, narrowly spaced births and births to the youngest and oldest mothers account for up to 25 and 36% of births, respectively, in many sub-Saharan countries. Similarly, births to adolescents account for at least 15% of births in sub-Saharan African and Latin American countries ([@CIT0005_29720]). Like many low-income countries, Ethiopia has a high adolescent birth rate at 79 per 1,000, with more than one-third (34%) of women 20--49 years having given birth by age 18 and 20% of births occurring within 24 months of the previous birth ([@CIT0006_29720]).

With an average annual increase of modern contraceptive prevalence rate among married women (mCPR) of nearly 2 percentage points since 2000, the country has registered significant progress ([@CIT0006_29720]). Modern contraceptive use among currently married women nearly quadrupled from 6.3% in 2000 to 27.3% in 2011.

However, with an unmet need of 25% and demand satisfied only for 53% of women in 2011, there is substantial unfulfilled demand for modern contraceptives. In addition, the data show that progress is unevenly distributed. For example, the mCPR in the Somali region (which is the region of Ethiopia bordering Somalia) in 2011 was 3.8%, a figure well below the national average 11 years earlier. The capital city, Addis Ababa, has the highest mCPR among married women at 56%, followed by Gambela and Amhara regions at 33% each. Unmet need is highest in Oromia at 30% and lowest in Addis Ababa at 11%. With unmet need of 16% and met need of 10%, Afar has the lowest demand at 26%, compared to Addis Ababa, which has a demand of 73% ([@CIT0006_29720]).

The same region-to-region variation exists with regard to total fertility rate (TFR), which is the average number of children that would be born per woman if all women lived to the end of their childbearing years and gave birth to children according to a given fertility rate at each age ([@CIT0007_29720]). The TFR in 2011 ranged from 1.5 in Addis Ababa (below replacement level) and 4.0 in the Gambela region to 7.1 in the Somali region, while the national average was 4.8. Indeed, the Somali region saw an increase in TFR between 2000 (5.7) and 2011 (7.1) ([@CIT0006_29720]).

The rapid increase in access to and use of contraceptives was also associated with decreasing infant and under-five mortality rates, partly attributable to the launch of the health extension programme, which has deployed more than 30,000 government-salaried health extension workers in every sub-district (or *kebele*) of the country ([@CIT0008_29720]--[@CIT0010_29720]).

The aim of the present analysis is to examine 1) the trends in the use of modern contraceptives and their relationship with TFR, 2) distribution of birth risk, 3) trends in birth risk categories across regions, and 4) the relationship between the distribution of birth risk and under-five mortality in Ethiopia.

By showing the relative contribution of contextual factors (mainly residence in one of the regions) in reducing avoidable birth risks, the analysis will generate crucial information that will be useful to advocate for prioritisation of family planning programmes, particularly in regions with performance below the national average.

Methods {#S0002_29720}
=======

Design and study period {#S0002-S20001_29720}
-----------------------

The analysis uses data from three Demographic and Health Surveys (DHS) in Ethiopia (2000, 2005, and 2011), which are repeat cross-sectional surveys by design. DHS collects questionnaire interview-based nationally representative data from women 15--49 using a stratified, two-stage cluster sampling that allows for specific indicators, such as modern contraceptive use, to be collected. By design, the survey allows the estimation of regional-level indicators. Questions asked include, among others, background characteristics such as age and education, as well as information about key indicators of maternal and child health including birth history, childhood mortality, and use of family planning methods. The surveys are carried out under the aegis of the Ministry of Health and are implemented by the Central Statistical Agency (CSA). ICF International provides technical assistance as well as funding to the project through the MEASURE DHS project, a project funded by the US Agency for International Development providing support and technical assistance in the implementation of population and health surveys in countries worldwide. The data are freely available from the CSA or the MEASURE DHS project ([@CIT0006_29720], [@CIT0011_29720], [@CIT0012_29720]).

First, we examined the trends of and relationship between TFR (in the 3 years before the survey) and mCPR (including method mix) in the 11 administrative regions over the time period 2000--2011 using linear regression analysis. We also examined the relationship between birth risks and under-five mortality by calculating the risk ratio with 95% confidence interval, using the 'no-risk' group (which is actually defined as births not associated with any specific risk) as a reference.

Data processing {#S0002-S20002_29720}
---------------

The main outcome of interest in this study was the percentage of births with avoidable birth risk for births in the 5 years preceding each survey. Birth risk categories were defined by three main variables: mother\'s age at birth, grouped into less than 18 years, 18--34 years, and 35--49 years; preceding birth interval, which is the length in months between previous birth and the index child, grouped into less than 18 months, 18--23 months, and 24 or more months; and birth order, grouped into first births, second or third births, and fourth or greater births. As described by Ross and Stover ([@CIT0002_29720]), birth risk categories include the following 11 mutually exclusive groups of children based on the percentage of children born in the 5 years preceding the survey. *Avoidable birth risk* refers to categories numbered 3 to 11 below (i.e. excluding first births in the optimal age range of 18--34, which is considered an unavoidable risk).Not in any risk categoryFirst birth to mother 18--34 years ageMother\'s age \<18 yearsMother\'s age \>34 yearsBirth interval \<24 monthsBirth order \>3Mother\'s age \<18 years and birth interval \<24 monthsMother\'s age \>34 years and birth interval \<24 monthsMother\'s age \>34 years and birth order \>3Birth interval \<24 months and birth order \>3Mother\'s age \>34 years, birth interval \<24 months and birth order \>3

We used births in the preceding 5 years to have sufficient numbers for the analysis of births by all demographic risk factors (maternal age, inter-birth interval, and higher order births).

Independent variables include region (Addis Ababa, Afar, Amhara, Oromia, Somali, Benishangul-Gumuz, Southern Nations and Nationalities People \[SNNP\], Tigray, Harari, Gambela, and Dire Dawa), wealth quintile, educational status (no education, primary, secondary, higher) residence (urban, rural), and discussion about family planning in health facilities (yes, no).

Modern contraceptive use in this study refers to current use of modern family planning methods among currently married (or in union) women, which include pills, intrauterine devices, injectables, condoms, female sterilisation, vasectomy, implants, and the lactational amenorrhoea method.

Finally, multiple logistic regression analysis was performed to estimate the relationship between the effect of being a resident in one of the regions and having avoidable birth risk, after adjusting for select covariates including wealth, educational status, residence, and exposure to family planning information. Stata 12.1 was used for data management and analysis.

Results {#S0003_29720}
=======

Trends and regional variation in TFR and mCPR among married women and women in union {#S0003-S20001_29720}
------------------------------------------------------------------------------------

Overall, the Ethiopian DHS in 2000, 2005, and 2011 surveyed 15,367, 14,070, and 16,515 women aged 15--49 in 14,072, 13,721, and 16,702 households, respectively, with close to 70% of the sample coming from rural areas in all rounds. Distribution of the sample by region is shown in [Table 1](#T0001_29720){ref-type="table"}.

###### 

Trends in TFR for births in the preceding 3 years by region and residence across time, Ethiopia DHS 2000 to 2011

  Characteristic                                        TFR in 2000 (95% CI)   *n*      TFR in 2011 (95% CI)   *N*      Absolute change DHS 2000--2011
  ----------------------------------------------------- ---------------------- -------- ---------------------- -------- ---------------------------------------------
  Total                                                 5.5 (5.3, 5.7)         15,306   4.8 (4.5, 5.1)         16,438   −0.7
  Residence                                                                                                             
   Urban                                                3.0 (2.6, 3.4)         4,530    2.6 (−0.6, 5.9)        5,310    −0.4
   Rural                                                6.0 (5.8, 6.3)         10,776   5.5 (5.1, 5.8)         11,128   −0.5
  Region                                                                                                                
   Addis Ababa[a](#TF0001_29720){ref-type="table-fn"}   1.8 (1.2, 2.5)         2,010    1.5 (0.9, 2.1)         1,738    −0.3
   Dire Dawa[a](#TF0001_29720){ref-type="table-fn"}     3.5 (2.6, 4.3)         1,048    3.4 (2.6, 4.0)         1,086    −0.1
   Harari                                               4.2 (3.1, 5.3)         906      3.8 (3.1, 4.6)         1,094    −0.4
   Gambela                                              4.4 (2.3, 6.5)         873      4.0 (2.9, 5.0)         1,122    −0.4
   Afar                                                 4.4 (3.4, 5.4)         855      4.6 (4.1, 5.1)         1,283    0.2
   Benishangul-Gumuz                                    5.0 (4.3, 5.8)         991      5.2 (4.3, 6.1)         1,257    0.2
   Somali                                               5.1 (3.9, 6.3)         837      7.1 (5.9, 8.2)         913      2.0
   Tigray                                               5.3 (4.7, 6.0)         1,300    5.0 (4.3, 5.6)         1,717    −0.4
   Amhara                                               5.5 (5.0, 6.0)         1,903    4.2 (3.7, 4.6)         2,077    −1.4[b](#TF0002_29720){ref-type="table-fn"}
   SNNP                                                 5.6 (5.2, 5.9)         2,017    4.9 (4.3, 5.4)         2,027    −0.7
   Oromia                                               6.1 (5.6, 6.5)         2,566    5.6 (4.9, 6.3)         2,124    −0.4

City administration councils;

statistically significant.

*n*=number of women (un-weighted). TFR, total fertility rate; CI, confidence interval; DHS, Demographic and Health Survey; SNNP, Southern Nations and Nationalities People.

As shown in [Table 1](#T0001_29720){ref-type="table"}, the TFR in the 3 years preceding each survey declined significantly by 0.7 children per woman, from 5.5 (95% CI: 5.3, 5.7) to 4.8 (95% CI: 4.5, 5.1) between 2000 and 2011 at the national level. The region with the highest and statistically significant drop in TFR was Amhara (by 1.4 children per woman). TFR also showed relatively higher decline in Tigray (by 0.4 children per woman) and SNNP (by 0.7 child per woman), though not significantly different. On the other hand, the Somali region saw a reverse trend, with TFR increasing by two children per woman during the same period, although marginally significant (TFR in 2000=5.1, 95% CI: 3.9, 6.3 vs. TFR in 2011=7.1, 95% CI: 6.0, 8.2). There was no statistically significant change in TFR for the rest of the regions.

Modern contraceptive use among currently married women significantly increased by 21 percentage points, from 6.3 to 27.3% (*p*\<0.05). As expected, the region with the highest drop in TFR (Amhara) also showed the highest increase in mCPR in 2000--2011, at 26.4 percentage points, while the Somali and Afar regions had the smallest increases in mCPR, at 1.4 and 1.7 percentage points, respectively, showing no statistically significant change over time. The changes in mCPR in Dire Dawa and Harari regions were not statistically significant, apparently because of small sample size, as detailed in [Table 2](#T0002_29720){ref-type="table"}.

###### 

Trends in mCPR by region and residence across time, Ethiopia DHS 2000 to 2011

  Characteristic                                        mCPR in 2000 (95% CI)   *n*     mCPR in 2011 (95% CI)   *n*      Absolute change DHS 2000--2011
  ----------------------------------------------------- ----------------------- ------- ----------------------- -------- ---------------------------------------------
  Total                                                 6.3 (5.2, 7.6)          9,380   27.3 (24.9, 29.9)       10,204   21.0[a](#TF0003_29720){ref-type="table-fn"}
  Residence                                                                                                              
   Urban                                                28.3 (24.4, 32.5)       1,843   49.5 (45.6, 53.3)       2,422    21.2[a](#TF0003_29720){ref-type="table-fn"}
   Rural                                                3.3 (2.6, 4.1)          7,537   22.5 (20.1, 25.1)       7,782    19.2[a](#TF0003_29720){ref-type="table-fn"}
  Region                                                                                                                 
   Addis Ababa[b](#TF0004_29720){ref-type="table-fn"}   34.3 (30.7, 38.1)       670     56.3 (52.4, 60.2)       634      22.0[a](#TF0003_29720){ref-type="table-fn"}
   Dire Dawa[b](#TF0004_29720){ref-type="table-fn"}     23.5 (12.6, 27.7)       526     31.7 (24.6, 39.8)       626      8.2
   Harari                                               19.0 (12.6, 27.7)       482     31.5 (25.4, 38.3)       635      12.5
   Gambela                                              12.3 (7.8, 18.9)        656     33.2 (24.2, 43.6)       768      20.9[a](#TF0003_29720){ref-type="table-fn"}
   Afar                                                 7.4 (3.9, 13.6)         619     9.1 (5.4, 14.8)         960      1.7
   Benishangul-Gumuz                                    8.5 (5.8, 12.3)         711     26.3 (19.9, 33.9)       904      17.8[a](#TF0003_29720){ref-type="table-fn"}
   Somali                                               2.4 (0.5, 10.3)         569     3.8 (1.6, 8.6)          664      1.4
   Tigray                                               9.3 (5.5, 15.3)         868     21.2 (17.1, 26.0)       984      11.9[a](#TF0003_29720){ref-type="table-fn"}
   Amhara                                               6.6 (4.7, 9.3)          1,315   33.0 (28.6, 37.8)       1,331    26.4[a](#TF0003_29720){ref-type="table-fn"}
   SNNP                                                 5.0 (3.0, 8.3)          1,312   24.7 (20.1, 29.9)       1,295    19.7[a](#TF0003_29720){ref-type="table-fn"}
   Oromia                                               4.3 (2.8, 6.6)          1,652   24.9 (20.6, 29.8)       1,403    20.6[a](#TF0003_29720){ref-type="table-fn"}

Statistically significant;

city administration councils.

*n*=number of women (un-weighted). mCPR, modern contraceptive prevalence rate; CI, confidence interval; SNNP, Southern Nations and Nationalities People; DHS, Demographic and Health Survey.

Trends in the distribution of method mix {#S0003-S20002_29720}
----------------------------------------

In terms of method mix, the 3-month injectable (medroxyprogesterone acetate) is the most commonly used modern contraceptive method in Ethiopia, accounting for 72.6% of the method mix in 2011, followed by implants and pills at 12 and 7.4%, respectively. Trend analysis showed that implant use increased (from 1 to 12%) while pill use decreased (from 31 to 7.4%), as did traditional methods (from 1.7 to 1.3%). However, the pattern is slightly different in the Somali region, where pill use is as high as 20% of the method mix and injectables constituted 47% in 2011. Details are shown in [Supplementary Table 1](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29720/0).

Relationship between modern contraceptive use and TFR {#S0003-S20003_29720}
-----------------------------------------------------

As shown in [Fig. 1](#F0001_29720){ref-type="fig"}, there was a significant negative linear relationship \[TFR=−0.08235 (mCPR)+6.169; *p*\<0.001\] between the levels of modern contraceptive use among married women and TFR across the different regions of Ethiopia between 2000 and 2011. The analysis suggests that the TFR declined on average by one child per woman for every increase in the mCPR of about 13 percentage points. It also shows that the TFR would be around 6.2 if there were no modern contraceptive use.

![Relationship between changes in mCPR and TFR for all regions between 2000 and 2011.](GHA-8-29720-g001){#F0001_29720}

Levels and trends of birth risk categories for births in the preceding 5 years by region {#S0003-S20004_29720}
----------------------------------------------------------------------------------------

As shown in [Fig. 2](#F0002_29720){ref-type="fig"}, the proportion of births with avoidable risk (any risk factor other than first birth) was highest in Somali at 72% and Afar at 68%, followed by Benishangul-Gumuz (66%), Oromia (63%), and Amhara (62%). Addis Ababa and Dire Dawa (both cities with better access to health services) had lower percentages of births with any risk factors, at 34 and 54%, respectively. Interestingly, Gambela (a relatively underdeveloped region) also had a lower percentage of births with avoidable birth risk, at 55%.

![Distribution of births in the preceding 5 years by risk factor and TFR across regions, Ethiopia DHS2011.](GHA-8-29720-g002){#F0002_29720}

As [Fig. 3](#F0003_29720){ref-type="fig"} shows, the most common single risk factors in 2011 were narrowly spaced births (22%) and births to mothers older than 34 years of age (21%), followed by births to mothers younger than 18 years of age (11%). Birth risk associated with higher parity (birth order greater than three) was the least common, at 8%. The main single risk factor that was consistently higher in the two regions with higher fertility (Somali and Afar) compared to the national average was the proportion of births with short birth interval, at 40 and 32%, respectively.

![Distribution of births in the preceding 5 years by single risk factor, Ethiopia DHS 2011.](GHA-8-29720-g003){#F0003_29720}

Addis Ababa had the lowest percentage of births with short birth interval at 10%, followed by Tigray (15%) and Amhara (15%). As expected, Addis Ababa and Dire Dawa (both city administrations) also had higher proportions of first births, at 38 and 23%, respectively, compared to the national average of 15%.

[Supplementary Table 2](http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/29720/0) shows that the proportion of births to mothers older than 34 years was the only single risk factor that showed a statistically significant drop between 2000 and 2011 at the national level, moving from 9.4% (95% CI: 8.7, 10.0) to 7.6% (95% CI: 7.1, 8.0). Looking at regional variations, there was a significant decline in the percentage of births with less than a 24-month birth interval in Addis Ababa, from 17.2% (95% CI: 14.8, 20.0) to 9.9% (95% CI: 7.3, 13.4), while the percentage of first births increased significantly from 26.5% (95% CI: 23.3, 30.1) to 37.9 (95% CI: 32.9, 43.2). It is important to note that the Gambela and Amhara regions had a significantly higher percentage of births to mothers younger than 18 years, at 15.6% (95% CI: 12.7, 19.0) and 15.2% (95% CI: 14.1, 16.3), respectively, compared to the national average of 11% (95% CI: 10.4, 11.8) in 2011.

Levels and trends in distribution of births in the preceding 5 years with avoidable risk {#S0003-S20005_29720}
----------------------------------------------------------------------------------------

As shown in [Table 3](#T0003_29720){ref-type="table"}, the Somali region had the highest proportion of avoidable birth risk (82.5%) in 2011, compared to the national average of 72.6%. While the changes were not statistically significant, the Somali and Afar regions showed a slight increase in the proportion of avoidable birth risk from 2000 to 2011.

###### 

Trends in proportion of births in the preceding 5 years for which the birth risk is avoidable by region, Ethiopia DHS 2000 to 2011

                                                       2000     2011                                  
  ---------------------------------------------------- -------- ------ -------------- -------- ------ -----------------------------------------------------
  Tigray                                               1,365    68.8   (67.0, 70.7)   1,984    68.1   (66.1, 70.0)
  Afar                                                 192      74.2   (71.2, 77.1)   2,046    78.1   (75.9, 80.2)
  Amhara                                               6,037    71.3   (69.7, 72.7)   2,443    70.6   (68.3, 72.8)
  Oromia                                               8,761    75.3   (73.5, 77.0)   2,914    74.2   (72.3, 76.1)
  Somali                                               288      81.6   (79.8, 83.3)   2,024    82.5   (80.9, 84.0)
  Benishangul-Gumuz                                    204      73.4   (70.9, 75.8)   1,857    75.7   (73.1, 78.2)
  SNNP                                                 4,411    71.5   (69.8, 73.2)   2,868    72.4   (70.7, 73.9)
  Gambela                                              40       66.5   (63.3, 69.6)   1,241    67.1   (64.3, 69.7)
  Harari                                               42       78.3   (74.5, 81.6)   913      74.2   (69.9, 78.1)
  Addis Ababa[a](#TF0005_29720){ref-type="table-fn"}   190      65.0   (61.6, 68.3)   240      54.2   (46.9, 60.8)[b](#TF0006_29720){ref-type="table-fn"}
  Dire Dawa[a](#TF0005_29720){ref-type="table-fn"}     54       70.4   (66.7, 73.8)   903      71.8   (66.1, 74.6)
  Total                                                22,000   72.8   (71.9, 73.7)   19,433   72.6   (71.5, 73.7)

City administration councils;

statistically significant.

CI, confidence interval; SNNP, Southern Nations and Nationalities People; DHS, Demographic and Health Survey.

Our analysis did not show a significant decline in the distribution of avoidable birth risk distribution within regions, except in Addis Ababa, where it dropped from 70.9% (95% CI: 68.7, 73.1) in 2000 to 61.1% (95% CI: 57.6, 64.5) in 2011.

Birth risk categories and under-five mortality {#S0003-S20006_29720}
----------------------------------------------

As shown in [Table 4](#T0004_29720){ref-type="table"}, among the different birth risk categories, the highest risk ratio for under-five mortality was for children who had the combined risk of short birth intervals and mothers under age 18 and/or over the age of 34, compared to the reference group of births with no risk factor, although there fewer cases in those categories. Among the single risk factors, births to mothers aged less than 18 (adolescent pregnancy, which often happens due to child marriage) and births with an interval of less than 24 months had higher odds of under-five mortality (risk ratio=1.77, 95% CI: 1.63, 1.92). The risk ratio represents the ratio of the proportion of births in the last 5 years in each risk category that had died to the proportion dead among births not in any risk category (reference category).

###### 

Risk ratios for under-five mortality by distribution of birth risks in the 5 years preceding the survey, Ethiopia DHS 2011

  Birth risk category                                                     Number of births   Number of deaths   Under-five mortality   Risk ratio (95% CI)
  ----------------------------------------------------------------------- ------------------ ------------------ ---------------------- ---------------------
  Not in any risk category (reference)                                    37,738             388                76.9                   1.0
  Mother\'s age \>34 and birth order \>3                                  19,927             235                86.4                   1.11 (1.01, 1.22)\*
  Birth order \>3                                                         40,918             482                87.7                   1.13 (1.02, 1.23)\*
  First birth to mothers age 18--34                                       22,448             275                88.7                   1.14 (1.04, 1.25)\*
  Mother\'s age \>34                                                      961                17                 118.0                  1.48 (1.36, 1.61)\*
  Birth interval \<24 months and birth order \>3                          18,133             500                197.3                  2.30 (2.13, 2.49)\*
  Mother\'s age \<18                                                      11,454             223                146.7                  1.77 (1.63, 1.92)\*
  Birth interval \<24                                                     12,970             257                144.7                  1.77 (1.63, 1.92)\*
  Mother\'s age \>34 and birth interval \<24 months and birth order \>3   5,122              121                170.2                  2.04 (1.88, 2.20)\*
  Mother\'s age \<18 and birth interval \<24 months                       1,606              45                 211.9                  2.45 (2.26, 2.65)\*
  Mother\'s age \>34 and birth interval \<24 months                       65                 3                  325.0                  3.43 (3.19, 3.70)\*

Multivariate analysis: determinants of avoidable risk births {#S0003-S20007_29720}
------------------------------------------------------------

[Table 5](#T0005_29720){ref-type="table"} presents the relationship between avoidable birth risk and region after adjusting for selected covariates including wealth quintile, educational status (no education, primary, secondary, higher), residence (urban, rural), discussion about family planning in health facilities (yes, no), and religion (Christian, Muslim, traditional/other).

###### 

Results from multiple logistic regression analysis of predictors of avoidable birth risk for births in the preceding 5 years, Ethiopia DHS 2011

                                                                              95% CI   
  -------------------------------------------------------------------- ------ -------- ------
  Region (Addis Ababa[a](#TF0007_29720){ref-type="table-fn"} -- ref)                   
   Afar                                                                1.68   1.11     2.53
   Amhara                                                              1.00   0.69     1.44
   Oromia                                                              1.18   0.82     1.69
   Somali                                                              2.16   1.33     3.51
   Benishangul-Gumuz                                                   1.48   1.01     2.17
   SNNP                                                                1.18   0.82     1.70
   Gambela                                                             1.12   0.78     1.61
   Harari                                                              1.28   0.84     1.93
   Tigray                                                              0.97   0.67     1.40
   Dire Dawa[a](#TF0007_29720){ref-type="table-fn"}                    1.10   0.74     1.65
  Women\'s education (no education -- reference)                                       
   Primary                                                             0.84   0.71     1.00
   Secondary                                                           0.59   0.40     0.88
   Tertiary                                                            0.51   0.28     0.91
  Told of family planning at health facility (*yes* -- reference)                      
   No                                                                  1.18   1.03     1.35
  Residence (urban -- ref)                                                             
   Rural                                                               1.54   1.19     1.98

City administration councils.

AOR, adjusted odds ratio (adjusted for wealth quintile and religion); CI, confidence interval; SNNP, Southern Nations and Nationalities People; DHS, Demographic and Health Survey.

As shown in [Table 5](#T0005_29720){ref-type="table"}, births in the Somali region (adjusted odds ratio \[AOR\]=2.16, 95% CI: 1.33, 3.51), Afar region (AOR=1.68, 95% CI: 1.11, 2.53), and Benishangul-Gumuz region (AOR=1.48, 95% CI: 1.01, 2.17) had significantly higher likelihoods of having avoidable risk compared to the reference region, Addis Ababa. Similarly, rural residence was significantly associated with avoidable birth risk (AOR=1.54; 95% CI: 1.19, 1.98). Women with any form of formal education (primary, secondary, or tertiary) had significantly lower odds of having avoidable risk, with the highest reduction for women with tertiary education (AOR=0.51, 95% CI: 0.28, 0.91). Women who reported not having had any discussion about family planning in health facilities were also significantly more likely to have avoidable birth risks (AOR=1.18, 95% CI: 1.03, 1.35). Wealth quintile and religion were not associated with avoidable birth risk.

Discussion {#S0004_29720}
==========

Over the 11-year study period, a majority of births in Ethiopia fell into one of the risk categories, with substantial region-to-region variation, the Somali and Afar regions having the highest burden. The analysis indicated that births in the Somali, Afar, and Benishangul-Gumuz regions had significantly higher odds of having one of the avoidable risk factors compared to Addis Ababa. This is consistent with previous studies showing low contraceptive use in Somali and Afar regions ([@CIT0013_29720]--[@CIT0015_29720]).

The present analysis suggests that the TFR declined on average by one child per woman for every increase in the mCPR of about 13 percentage points, which is lower compared to developing countries as a whole (average decrease of TFR by one child per woman for every increase in the mCPR of 17 percentage points) ([@CIT0002_29720]). This difference may indicate that factors other than contraception (such as better access to education and health services) are playing important roles in bringing down fertility. The observed inverse relationship between changes in TFR and mCPR points to the fact that regions with low modern contraceptive use have higher fertility, which in turn is associated with higher prevalence of births with risk factors ([@CIT0002_29720]).

The majority of births in Ethiopia (62%) fall into one of the high-risk categories (excluding first births), compared to the average for developing countries of 56% ([@CIT0002_29720]). The most common single risk factor is short birth interval (less than 24 months), which is particularly true for the Somali and Afar regions, where nearly 4 and 3 out of 10 births, respectively, have birth intervals of less than 24 months.

The trend analysis showed there was a significant drop in the proportion of births to mothers older than 34 years between 2000 and 2011 at the national level, while there was a significant decrease in the percentage of births with short birth intervals in Addis Ababa. There was no significant decline in births to women younger than 18 years between 2000 and 2011, so this remains an important risk factor, particularly in regions such as Amhara and Gambela where child marriage is a significant problem ([@CIT0016_29720]). Our findings add to the evidence that preventing child marriage and offering adolescents the possibility to protect themselves from unplanned pregnancy could contribute to reducing high-risk births and under-five mortality.

On the other end of the spectrum are cities like Addis Ababa and Dire Dawa, where the proportions of first births are higher, at 30 and 21%, respectively. These figures are in contrast to the national average of 13%. Increasing proportion of first births is a global trend as countries transition from high to low fertility. Studies show the relative impact of contraceptive use in reducing child mortality arising from high parity decreases as countries transition to low fertility, partly because of the increase in the proportion of high-risk first births ([@CIT0002_29720], [@CIT0017_29720]).

Among the single risk factors, births to women younger than 18 years and short birth intervals were associated with higher odds of under-five mortality, which is consistent with previous studies in Ethiopia ([@CIT0018_29720], [@CIT0019_29720]) and elsewhere ([@CIT0017_29720], [@CIT0020_29720], [@CIT0021_29720]).

The analysis also revealed that the trend in method mix in regions with relatively low modern contraceptive use (e.g. the Somali region) has been characterised by an increase in the use of pills \[which have a higher rate of discontinuation ([@CIT0006_29720])\], a decrease in the use of injectables, and almost non-existent use of long-term methods such as implants. Hence, family planning programmes need to prioritise provision of wider method choices, including those with better effectiveness and convenience.

The multivariate analysis indicated that women in the Somali, Afar, and Benishangul-Gumuz regions had significantly higher likelihood of having avoidable risk births compared to the reference region (Addis Ababa) regardless of residence, education, religion, wealth, or discussion about family planning in health facilities. Being a rural resident and having no education were significantly associated with higher likelihood of avoidable birth risk, which can be partly explained by the fertility preferences of families of similar background ([@CIT0022_29720]). For example, the mean ideal number of children for all women in the Somali and Afar regions was 9.7 and 7.4, respectively, in 2011, compared to the national average of 4.3 ([@CIT0006_29720]). These data indicate the need to target context-specific beliefs and traditions around fertility preference, as achieving the goal of meeting current demand may not result in significant fertility decline in the foreseeable future.

There are a few limitations to this study. First, fertility is affected by multiple factors including fertility preference and intention, which may not be affected directly by a mere improvement in access to contraceptives. Second, the cross-sectional nature of the surveys precludes making temporal associations between contraceptive use and birth risk distributions, as both are measured at the same time. Finally, although we have attempted to account for variations in important individual-level factors, we must be cautious in making inferences at the regional level as there is substantial diversity in socio-cultural practices and beliefs within regions.

Nevertheless, the consistency of the relationship between the levels of contraceptive use, fertility behaviour of women, and the regional distribution of births with demographic risk factors indicate the possibility of cofounding as an alternative explanation is unlikely.

Conclusions {#S0005_29720}
===========

The analyses revealed that there was a significant negative correlation between the level of modern contraceptive use among married women and TFR across the different regions of Ethiopia between 2000 and 2011, suggesting that the TFR declined on average by one child per woman for every increase in the mCPR of about 13 percentage points.

A majority of births in Ethiopia (62%) fell into one of the risk categories (excluding first births). There was substantial variation in the percentage of births with avoidable risk factors, however, from 55% in Gambela to 72% in the Somali region and 70% in Afar. The analysis indicated that the Somali region also has a slightly different pattern of method mix in favour of short-acting methods (pills), which could limit impact.

The trend analysis showed there was a significant drop in the proportion of births to women older than 34 years between 2000 and 2011 at the national level, while there was a significant decrease in the percentage of births with short birth interval only in Addis Ababa. There was no significant decline in births to women younger than 18 years between 2000 and 2011, so this remains an important risk factor, particularly in regions such as Amhara and Gambela where there are high rates of child marriage.

Living in the Somali and Afar regions is significantly associated with having higher odds of avoidable birth risk after controlling for observed covariates including wealth status, residence, education, religion, and discussion about family planning in health facilities.

Although Ethiopia has made significant progress in improving modern contraceptive uptake and decreasing high fertility, substantial regional variations persist, pointing the need to refocus family planning programmes to promote more equitable access to a broader choice of effective contraceptive methods throughout the country. Effort should also be made to prevent child marriage, which is often a precursor for teenage pregnancy and high-risk births.
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> Using the last three Nigerian Demographic and Health Survey datasets, we examined the trends and sub-national patterns of modern contraceptive prevalence, as well as associations between contraceptive use and high-risk births in Nigeria. Findings showed that women in high-risk birth categories had lower uptake of modern contraceptive methods compared to those who were not in any high-risk birth category. The study further established huge sub-national variations in contraceptive prevalence and high-risk births, thus underscoring the need for increased investments in family planning programmes at the state and regional levels, particularly in areas with high unmet needs for family planning.

Nigeria is ranked among the 10 fastest growing populations in the world, is the most populous country in Africa, and the eighth most populous country in the world. The population is estimated to have grown from 56 million in 1970 to over 176 million in 2014 and is projected to be 184 million in 2015 with a growth rate of 3.2% ([@CIT0001_29745]). The total fertility rate (TFR) has been persistently high, from 5.7 in 2003 and 2008 to 5.5 in 2013, with regional estimates ranging from 4.3 in the South South region to 6.7 in the North West region. According to the 2013 Nigeria Demographic Health Survey (DHS), about 8.3% of births were unwanted and the adolescent birth rate was estimated at 122 per 1,000 women aged 15--19 years (only half the rate of women 25--29 years), with unmet need for contraception currently estimated at almost 50% among married women ([@CIT0002_29745]). These present significant challenges to harnessing the demographic dividend and creating sustainable development.

Although there has been a small increase in modern contraceptive use, from 8.9% in 2003 to 10.5% in 2008 and 11.1% in 2013 at the national level, the rate is still very low compared to the level of modern contraceptive prevalence in many other developing nations, which can be as high as 70% ([@CIT0003_29745]). Contraceptive use, particularly modern contraceptives, remains the main proximate determinant of fertility. According to the 2013 DHS, overall contraceptive prevalence among married women in Nigeria was estimated at 15.1%. However, there were wide variations at the sub-national level. Previous studies and the DHS documented reasons for non-use of contraceptive methods ([@CIT0002_29745], [@CIT0004_29745]--[@CIT0006_29745]), which included demographic and socioeconomic factors, fertility-related factors, opposition by partner, lack of knowledge, and family planning method--related reasons ([@CIT0002_29745], [@CIT0004_29745]--[@CIT0006_29745]). The need to improve access to and voluntary use of contraceptive methods is considered as a very important priority, particularly in a bid to harness the potential demographic dividends and improve the quality of life of individuals and the well-being of families.

Research has shown the benefit of expanding family planning services for improving maternal and child health, as well as increasing the well-being of individuals, families, and communities ([@CIT0007_29745]--[@CIT0012_29745]). Family planning promotion has been identified as a very important factor in addressing high-risk births and three major streams of preventable child and maternal deaths and in creating an AIDS-free generation ([@CIT0013_29745]). Research has shown that there is an inverse relationship between contraceptive use and high-risk births and that high-risk births are directly related to maternal and child mortality rates ([@CIT0008_29745], [@CIT0014_29745]--[@CIT0017_29745]). The estimates of high-risk births in Nigeria according to the 2013 DHS showed that two-fifths of all births to women and 32% of births to currently married women are high-risk births. About 23% of births to all women and 48% of all births to currently married women are categorised as multiple-risk births ([@CIT0002_29745]).

However, for a country like Nigeria with heterogeneous configurations, there is a need for a broader understanding of family planning and reproductive health issues, taking into account particular sectorial and sub-national differences. Even within one state, qualitative evidence confirmed variations in family planning adoption across local districts and communities in Nigeria ([@CIT0006_29745]). In addition, there is a need for evidence-based policy by demonstrating, at the state level, potential gains to maternal and child health associated with increasing contraceptive use. There are wide regional- and state-level variations in family planning and reproductive health indicators in Nigeria; providing a trend analysis at regional and state levels of the nexus between family planning and distribution of high-risk births may provide information for family planning intervention programmes that will respond to these diverse contexts.

This paper assesses the linkage between contraceptive prevalence, fertility levels and trends, and distribution of high-risk births in Nigeria at the sub-national level and uses the results to formulate recommendations for policy and programming. Sub-national divisions in Nigeria by region and state are shown in [Fig. 1](#F0001_29745){ref-type="fig"}.

![Map of Nigeria, showing regions and states.](GHA-8-29745-g001){#F0001_29745}

Methods and Data {#S0002_29745}
================

We utilised datasets from the last three DHSs in Nigeria (2003, 2008, and 2013) ([@CIT0002_29745], [@CIT0004_29745], [@CIT0018_29745]). Each of these surveys employed a cross-sectional design to collect nationally representative data from women of reproductive age (15--49 years). The indicators used include the following: high-risk births, modern contraceptive prevalence rate (mCPR), TFR, infant mortality rate, birth interval, and mother\'s age. Apart from the descriptive analysis, bivariate and multivariate analyses were performed to examine the influence of high-risk births on the outcome measure (contraceptive use). At the multivariate level of analysis, using only the 2013 DHS, Poisson regression was used to model the relationship between modern contraceptive use and high-risk births, controlling for education, wealth index, and region of residence. Wealth index is a proxy measure for standard of living because information on incomes is subjective and unreliable. Principal component analysis was used to generate wealth index from information based on each household\'s ownership of consumer goods, dwelling characteristics, and other household characteristics. Multivariate results were presented as rate ratios and respective 95% confidence intervals (CIs). Our outcome variable (modern contraception, meaning current use of at least one modern method of contraception at the time of the survey by married women or those in a union, aged 15--49 years) is a dichotomous variable. Nonetheless, preference was given to Poisson regression over binary logistic regression for this analysis, as many studies have argued and shown that Poisson regression is a better alternative for the analysis of cross-sectional studies with binary outcomes than logistic regression ([@CIT0019_29745]--[@CIT0021_29745]).

The main predictor variable was high-risk births. The births were categorised as 1) no risk, 2) unavoidable high-risk, and 3) avoidable high-risk. Births in the category of 'no risk' were second or third births to mothers between the ages of 18--34 years and with a preceding birth interval not less than 24 months, strictly representing lowest possible risk. 'Unavoidable high-risk' births were first births to mothers between the ages of 18--34 years ([@CIT0002_29745]). 'Avoidable high-risk' births were those to women aged 17 or younger, to women aged 35 or older, with a preceding birth interval of less than 24 months, and/or parity of four or higher ([@CIT0002_29745]). The high-risk birth variable was generated from the birth recode dataset to ensure that all births to interviewed women in the last 5 years were captured in the computation of high-risk births. This dataset was then merged with the women\'s individual recode dataset, since women are the main unit of analysis. The merged dataset thus excludes women who had not given birth in the last 5 years preceding the survey. Other explanatory variables selected include education, household wealth status, and region of residence. The main outcome variable was the use of modern contraception; we adopted the DHS categorisation of modern methods. Contraceptive use was categorised as 1) currently using modern method or 2) not currently using modern method. These variables have been reported as important factors influencing child survival ([@CIT0022_29745], [@CIT0023_29745]).

All analyses were performed using Stata 13 ([@CIT0024_29745]), taking into account the complex design of the DHS surveys.

Results {#S0003_29745}
=======

Fertility trends and dynamics {#S0003-S20001_29745}
-----------------------------

The national estimate of TFR showed a minimal decline from 5.7 in the periods 2003 and 2008 to 5.5 in 2013. Across the six regions as presented in [Fig. 2](#F0002_29745){ref-type="fig"}, there are noticeable variations in trends within this period. Although the rates across the years remained highest in the North East and North West regions, there was a slight decline in the rates in the two regions between 2008 and 2013, from 7.2 to 6.3 in the North East region and 7.3 to 6.7 in the North West region. Except for the North Central region, there was a slight increase in the rates across the regions between 2003 and 2008. In addition, with the exception of only the South West region, there was a general decline between the 2008 and 2013 estimates across the region.

![Fertility trends, national and regional estimates.](GHA-8-29745-g002){#F0002_29745}

However, within the regions, the states exhibited wide variations. For instance, in the North East region, comprised of six states, there were wide variations in the TFR as well as the trend over time. Three states showed a decline in TFR between 2003 and 2013 while two of the states showed an increase. In Bauchi State, for instance, the TFR increased from 7.2 in 2003 to 8.1 in 2013, whereas in Borno State, there was a decline from 7.0 in 2003 to 4.7 in 2013. In 2003, the range of TFR across the states was 7.8 in Yobe compared with 5.8 in Adamawa; it was 8.1 in Bauchi and 5.9 in Taraba in 2008; and 8.1 in Bauchi and 4.7 in Borno in the year 2013. [Figure 3](#F0003_29745){ref-type="fig"} presents the details.

![Fertility trends across the states in North East Nigeria, 2003--2013.](GHA-8-29745-g003){#F0003_29745}

The age-specific fertility rates (ASFRs) presented in [Fig. 4](#F0004_29745){ref-type="fig"} show that across the three surveys, the ASFR was about 125 births per thousand young women below 20 years, while the number of births per thousand women aged 40--44 and 45--49 increased from 50 in year 2003 to 60 in 2008 and soared to about 80 in 2013. The ASFRs among women aged 20--24 and 45--49 have increased over the 10-year period and this rise portends serious consequences for the profile of high-risk births in Nigeria.

![Trends in age-specific fertility rate.](GHA-8-29745-g004){#F0004_29745}

The age at which women begin childbearing may influence other fertility-related variables. Nationally, the mean age of first birth across the surveys was 18 years. However, this varies from 17 years in the North West to 22 years in the South East and South West regions. The TFR for women who started childbearing early (aged 18 years or below) is presented in [Fig. 5](#F0005_29745){ref-type="fig"}. In the North West and North East regions, women who had their first birth before 18 years had a TFR of between 7 and 8 children, compared with 5.3 in the South West and 6.8 in the South East region. [Figure 5](#F0005_29745){ref-type="fig"} shows the relationship between TFR and mCPR across the regions; the distribution shows an inverse relationship between TFR and mCPR. Regions with considerably lower mCPR have very high fertility levels, ranging from 6.2 to 7.5 as shown in [Fig. 6](#F0006_29745){ref-type="fig"}.

![Sub-national trends in total fertility rate for women who had their first birth before 18 years.](GHA-8-29745-g005){#F0005_29745}

![Relationship between total fertility rate and modern contraceptive prevalence rate in Nigeria.](GHA-8-29745-g006){#F0006_29745}

Trends and regional distribution of high-risk births by fertility and contraception use {#S0003-S20002_29745}
---------------------------------------------------------------------------------------

The distribution of births by risk factors varies considerably across the regions and by the level of TFR in each region. [Figure 7](#F0007_29745){ref-type="fig"} shows the distribution of births by risk factors and regional estimates of TFR. The proportion of births associated with avoidable risk is higher in the North West (72%) and North East (69%) regions compared with the South South (57%) and South West (45%) regions. The proportion of avoidable risk for all births is higher in regions with relatively higher levels of TFR (North West and North East) compared with the two regions with relatively lower levels of TFR (South West and South South). For the two regions with the highest level of TFR (North West and North East), more than 12% of births were to women less than 18 years, whereas only about 4% of births in the South West region and 7% of births in the South South region were among young women 18 years or less. The two regions (North West and North East) with the highest level of TFR have 15% of multiple risk factors (closely spaced birth interval, high birth order, and age of mothers) compared with 8% in South South Nigeria and 5% in South West Nigeria.

![Distribution of high-risk births by region, Nigeria 2013.](GHA-8-29745-g007){#F0007_29745}

The proportion of women with high birth order was higher in North West and North East Nigeria, which constituted over 20% of all births in those regions, compared with less than 15% of all births in the South West and South South regions. South East Nigeria, however, had the highest proportion of closely spaced births, which constituted almost one-tenth of all births in the region, compared with about 6% of all births in North West Nigeria.

Further analysis to examine the patterns and trends of the distribution of births by risk factors in two regions (South South, with the lowest TFR, and North West, with the highest TFR) was also done (analysis not shown). In the South South region, the general pattern of the distribution of high-risk births shows that between 15 and 25% of all births across the states in three surveys are high parity. Bayelsa State, with the highest TFR in the year 2003, had the highest proportion of avoidable high-risk births, estimated at 65% in 2003, 63% in 2008, and 60% in 2013. However, there was no regular pattern in distribution of high-risk births and fertility levels in the states across the three surveys. In North West Nigeria, however, a major spotlight is on Kaduna State with a sharp decline in TFR from 7.3 in 2003 to 4.1 in 2013 and a corresponding decline in the proportion of high-risk births considered avoidable, which also dropped from 67% in 2003 to 60% in 2013. In contrast, Sokoto State experienced an upward trend in TFR from 5.2 in 2003 to 7.0 in 2013. The proportion of high-risk births categorised as avoidable also increased from 69% in 2003 to 74% in 2013. Generally, across the states in North West Nigeria, high-parity births constituted between 20 and 30% of all high-risk births, except for Sokoto in 2008. In addition, about 15--20% of all births across the states, except Sokoto in 2008, were among young women less than 18 years.

[Figure 8](#F0008_29745){ref-type="fig"} presents the distribution of high-risk births by modern contraceptive prevalence for all the surveys across regions and states. The graph shows the spread of the dots that reflects an inverse relationship between mCPR and the distribution of high-risk births. The graph shows that the proportion of births in high-risk categories is relatively higher in regions/states with lower levels of modern contraceptive prevalence.

![Distribution of proportion of high-risk birth by modern contraceptive prevalence, for regions (blue) and states (orange), 2003--2013.](GHA-8-29745-g008){#F0008_29745}

Multivariate analysis {#S0003-S20003_29745}
---------------------

Using Poisson regression, the relative risks (adjusted and unadjusted) of using a modern method of contraception are presented in [Table 1](#T0001_29745){ref-type="table"}. The results show that relative to women who were not in any high-risk birth category, the odds of using a modern method of contraception were significantly higher for women whose last births were unavoidable high-risk births (rate ratio 0.82, CI: 0.76--0.89, *p*\<0.001). Adjusting for education and wealth index in Model 1, as shown in [Table 1](#T0001_29745){ref-type="table"}, results indicated that women in avoidable risk categories had a slightly higher rate of modern contraceptive use (rate ratio: 1.13, CI: 1.05--1.22, *p*\<0.01) compared to those at no risk. In addition, rates of contraceptive use increased with higher levels of education and wealth status. For instance, results (Model 1) showed that women from the richest households (rate ratio 8.43, CI: 6.52--10.90, *p*\<0.001) and women who had higher education (rate ratio 6.02, CI: 5.09--7.13, *p*\<0.001) were more likely to use contraception than those in the reference categories. Adjusting for region of residence (Model 2) did not considerably alter these results. The relationship between region of residence and contraceptive use was significant, as results (Model 2) revealed significantly lower rates of contraceptive use in all of the other five regions compared to the South West region, the reference category.

###### 

Poisson regression analysis showing rate ratios for modern contraceptive use in relation to high-risk births (2013 NDHS)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics          Unadjusted model                                                   Adjusted model\                                                  Adjusted model\
                                                                                              (Model 1)                                                        (Model 2)
  ------------------------ ------------------------------------------------------------------ ---------------------------------------------------------------- ---------------------------------------------------------------
  High-risk birth                                                                                                                                              

   No risk                 1                                                                  1                                                                1

   Unavoidable high risk   1.10 (0.99--1.23)                                                  0.81 (0.73--0.90)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    0.81 (0.73--0.99)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Avoidable high risk     0.82 (0.76--0.89)[\*\*\*](#TF0001_29745){ref-type="table-fn"}      1.13 (1.05--1.22)[\*\*](#TF0002_29745){ref-type="table-fn"}      1.20 (1.11--1.29)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

  Wealth quintiles                                                                                                                                             

   Poorest                 1                                                                  1                                                                1

   Poorer                  3.81 (2.96--4.90)[\*\*\*](#TF0001_29745){ref-type="table-fn"}      2.59 (2.00--3.34)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    2.17 (1.68--2.81)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Middle                  9.19 (7.23--11.68)[\*\*\*](#TF0001_29745){ref-type="table-fn"}     4.25 (3.30--5.48)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    3.06 (2.37--3.95)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Richer                  15.18 (12.00--19.20)[\*\*\*](#TF0001_29745){ref-type="table-fn"}   5.59 (4.33--7.22)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    3.86 (2.99--5.00)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Richest                 27.7 (22.00--34.91)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    8.43 (6.52--10.90)[\*\*\*](#TF0001_29745){ref-type="table-fn"}   5.54 (4.27--7.18)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

  Education                                                                                                                                                    

   None                    1                                                                  1                                                                1

   Primary                 6.67 (5.83--7.64)[\*\*\*](#TF0001_29745){ref-type="table-fn"}      4.10 (3.54--4.75)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    2.98 (2.55--3.49)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Secondary               10.87 (9.58--12.33)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    5.01 (4.31--5.82)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    3.61 (3.08--4.24)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   Higher                  16.77 (14.60--19.26)[\*\*\*](#TF0001_29745){ref-type="table-fn"}   6.02 (5.09--7.13)[\*\*\*](#TF0001_29745){ref-type="table-fn"}    4.25 (3.56--5.08)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

  Region                                                                                                                                                       

   South West                                                                                                                                                  1

   North Central                                                                                                                                               0.90 (0.83--0.99)[\*](#TF0003_29745){ref-type="table-fn"}

   North East                                                                                                                                                  0.37 (0.32--0.43)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   North West                                                                                                                                                  0.33 (0.28--0.38)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   South East                                                                                                                                                  0.67 (0.60--0.75)[\*\*\*](#TF0001_29745){ref-type="table-fn"}

   South South                                                                                                                                                 0.82 (0.75--0.89)[\*\*\*](#TF0001_29745){ref-type="table-fn"}
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Significant at 0.05;

significant at 0.01;

significant at 0.001.

Discussion {#S0004_29745}
==========

Expanding family planning programmes has been identified as a major prerequisite in order to harness the benefits of the demographic dividend in Nigeria ([@CIT0025_29745]--[@CIT0027_29745]). Part of realising this dividend requires a significant reduction in fertility as well as unrestricted access to voluntary and safe contraception through an effective family planning programme. Understanding the needs of individuals as well as sub-national variations in family planning promotion in Nigeria has been identified as a major gap in the low uptake of family planning.

In a bid to connect the present analyses with sub-national information at the state level, a review of information showed that the variations presented were confirmed and supported by evidence across the states. For instance, in the South South and South East regions, there are states whose fertility and family planning indicators are similar to those in the North West region, and this presents a wide dispersion from the regional estimates. Bayelsa and Ebonyi states are two examples of states in South South and South East Nigeria where family planning and maternal indices are relatively poor and similar to those in northern Nigeria. The geographic terrain of Bayelsa State, for instance, makes family planning and maternal health interventions challenging because about 90% of the communities are located in hard-to-reach areas in the riverine, core waterlogged Niger Delta. This is compounded by the religious beliefs of the people and general apathy towards modern family planning methods. In addition, the differentials in fertility, mCPR, and high-risk births are more pronounced in regions like the South East and South South. As a result of this, much is required in terms of investments in family planning programmes in such states as Bayelsa, Ebonyi, and others in Nigeria where contraceptive prevalence is low and high-risk births, as well as childhood and maternal mortality, remain high.

Further, Kaduna State in the North Central region of Nigeria showed family planning and maternal health indicators levels similar to those in South West Nigeria -- the region with, relatively, the best reproductive health indicators in Nigeria. We also noted (analysis not shown) that Kaduna State, over the years, experienced a drastic drop in fertility rates. This decrease is perhaps partly due to the intensive efforts by the State Ministry of Health in collaboration with the National Urban Reproductive Health Initiative and United Nations Population Fund, which adopted an evidence-based approach to programming interventions.

The evidence of improvement of family planning and maternal health indicators in Kaduna State further illustrates the importance of state interventions in programmes and policies targeted towards expanding family planning outreach. This process requires a significant investment in positive directions including those targeted towards women\'s empowerment through education and direct investment in healthcare. This could be a good approach for more state investments in health and education.

The TFR of 5.5 at the national level and of over 7 in some regions is unacceptably high and thus may hinder reaping the gains of the demographic dividend. It is apparent that improving provision of family planning supplies and services, and the expansion of education and job opportunities for girls and women ([@CIT0025_29745]), have direct potential for improving quality of life by reducing the burden of high-risk births. The policy issues from this analysis further reiterate that expanding family planning is important in improving maternal and child health. There is a need to improve funding by state governments and stakeholders in expanding the reach of family planning services.

Conclusions {#S0005_29745}
===========

As established in this study, expanding family planning services will undoubtedly lead to reduction in the burden of high-risk births in the various regions and states of Nigeria. Currently, there are huge state and regional differentials in the supply and demand for modern contraception. In addition, fertility remains significantly high and mCPR remains considerably low in many states across the country. Worse still, high-risk births remain very high in many states and regions. Hence, the sub-national analyses presented in this paper suggest that the demographic dividend possibility remains a mirage in many areas and regions of the country. There is therefore the need for sub-national investment and policies to improve family planning services, taking into account regional- and state-level particularities. Such policies and programmes need to recognise socio-cultural variations in the country.
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> The choices and opportunities adolescents have in terms of access to sexual and reproductive health information and services could significantly impact nations' human capital. We assessed patterns and trends of modern contraception use among sexually active adolescents in three countries (Burkina Faso, Ethiopia, and Nigeria) and explored health system predictors. The strongest predictors of contraception use among sexually active adolescents were marriage and child immunisation. There were pervasive inequality issues in contraception use by education, residence, and wealth quintile among sexually active adolescents; however, in Ethiopia, the data point to a significant and systematic reduction of inequalities, warranting further studies.

In the last few years, there has been a renewed effort from the global community to deliver contraception information and services to millions of women and adolescent girls who need them. The effects of family planning on maternal, perinatal, infant, and child health have been established through a systematic review of causal mechanisms ([@CIT0001_29737]). Population dynamics are central to sustainable development, and adolescents (defined here as 15--19 years old) are one of the fastest growing cohorts. Thus, understanding the patterns of contraception use among adolescents at the national and subnational levels could assist in designing strategies and programmes to better address coverage, quality, and equity issues at the country level ([@CIT0002_29737]--[@CIT0005_29737]). According to the 2014 State of the World Population Report ([@CIT0006_29737]), the world population includes the largest cohort of adolescents ever. The choices and opportunities that this adolescent group will have in terms of sexual and reproductive health information and services will determine, for example, the burden of adolescent pregnancies, unwanted pregnancies, abortions, HIV infections, and high school dropouts and may affect the ability of countries to harness the demographic dividend. Moreover, preventing adolescents from accessing comprehensive sexual and reproductive health information and services including family planning is a violation of their rights. Effectively addressing these burdens requires a better understanding of current patterns and trends of contraceptive use.

This paper examines data from Demographic and Health Surveys (DHS) in Burkina Faso, Ethiopia, and Nigeria. These countries were selected because of availability of survey data as part of the latest DHS rounds and because they provide a mix of characteristics, including geography, culture, religion, political decentralisation, population size, contraceptive prevalence, language, region, and economic indicators, representing some of the diversity in sub-Saharan Africa. In this paper, we assess sexually active adolescents in terms of their current use of modern contraception and trends in use. We also explore some subgroups, so that we can build a comprehensive picture of the dynamics of adolescent contraception use in these countries.

Data and methods {#S0002_29737}
================

We used data from publicly available national surveys (DHS) of Burkina Faso, Ethiopia, and Nigeria where information on adolescents' sexual activity and contraception use were available. Burkina Faso is a landlocked country in West Africa with a low average contraception use and ranks 181 on the 2014 Human Development Index. Nigeria is also in West Africa, the most populous country in Africa with over 180 million inhabitants, a very low average contraceptive prevalence, and ranking 152 on the 2014 Human Development Index. Ethiopia is located in the Horn of Africa, with an estimated population of 80 million inhabitants, a federal government system similar to that in Nigeria, a recent increase in modern contraception use, and a ranking of 173 on the 2014 Human Development Index. Two surveys were included from Burkina Faso (2003 and 2010), three from Ethiopia (2000, 2005, and 2011), and three from Nigeria (2003, 2008, and 2013). The analyses focused on the use of modern methods of contraception among sexually active adolescents. Descriptive statistics on demographic factors (age and marriage), socio-economic factors (education, location, and wealth quintile), and birth risks (parity and birth spacing) were presented. Age was disaggregated into two groups (15--17 years and 18--19 years) to assess any differences for younger adolescents. Geographic differential effects were assessed at both urban and rural levels and also by states and regions. *Short spacing* was defined for women with at least two births as within a period of less than 24 months; parity was categorised as either zero, one, two, or more than two; and education was divided into no education, primary school completion, secondary level, or higher than secondary. Wealth quintiles were computed using household asset ownership and principal component analysis as described by Filmer and Pritchett ([@CIT0007_29737]).

We explored the determinants of modern contraception use among adolescents using the latest DHS in a multivariate analysis, with special interest in the effect of contact with the health system. The indicators we used as proxies for contact with the system included the number of antenatal care (ANC) visits, institutional delivery (yes or no), a postnatal care visit for the mother in the 2 months following delivery (yes or no), child immunisation (three doses of DTP3 used as a proxy and categorised as yes or no), visit to the household by a family planning health worker (yes or no), visit to a health facility by the mother in the past 12 months (yes or no), and whether or not information and counselling on family planning was received during a visit to a health facility. For this analysis, a logistic regression was used, adjusting for the potential confounding effect of socio-economic characteristics (education, residence, wealth quintiles). All the analyses were performed with Stata 13.0 statistical software ([@CIT0008_29737]), taking into account the design characteristics of the surveys. Ethical clearances were secured by the organisations that carried out the original surveys.

Results {#S0003_29737}
=======

The cumulative sample sizes were 17,087 for Burkina Faso, 16,515 for Ethiopia, and 38,948 for Nigeria.

Distribution of modern contraception use among sexually active adolescents over time, by marital status and age {#S0003-S20001_29737}
---------------------------------------------------------------------------------------------------------------

Using the latest available DHS, most sexually active adolescents in the three countries studied were either married or in a union (henceforth referred to as *in union*): 88% (*N*=1,127), 96% (*N*=846), and 86% (*N*=2,480) in Burkina Faso, Ethiopia, and Nigeria, respectively. The prevalence of modern contraception use among sexually active adolescents was low in the three countries, the latest estimates being 11.2% for Burkina Faso, 24.1% for Ethiopia, and 7.8% for Nigeria ([Fig. 1](#F0001_29737){ref-type="fig"}). There was a substantial difference in terms of modern contraception use between adolescents in union and those who were not in union ([Fig. 2](#F0002_29737){ref-type="fig"}). The latest prevalence of use in the latter group was 7.8 times, 2.3 times, and 43.65 times higher than those in union in Burkina Faso, Ethiopia, and Nigeria, respectively. Overall, the proportion of modern contraception use among sexually active adolescents has remained almost unchanged ([Fig. 1](#F0001_29737){ref-type="fig"}) in both Burkina Faso (at 11%, from 2003 to 2010) and in Nigeria (at around 8%, from 2008 to 2013). In contrast, in Ethiopia, the prevalence of use has been increasing sharply over the last decade, from 5 to 24%. [Figure 2](#F0002_29737){ref-type="fig"} shows that this increase has happened mostly among women in union (96% of sexually active adolescents). In Nigeria, we observed the opposite -- a steep increase in contraceptive use among women not in union (14% of sexually active adolescents), with a decrease of use among those in union.

![Trends in modern contraceptive use (% mCPR) among sexually active adolescents in Burkina Faso, Ethiopia, and Nigeria.\
Source: Demographic and Health Surveys.](GHA-8-29737-g001){#F0001_29737}

![Trends in modern contraception use (% mCPR) among sexually active adolescents by marital status in Burkina Faso, Ethiopia, and Nigeria.\
Source: Demographic and Health Surveys.](GHA-8-29737-g002){#F0002_29737}

There was no statistically significant difference between the adolescents in the 15- to 17-year-old and the 18- to 19-year-old age groups in the use of modern methods of contraception at specific points in time (the last three iterations of the DHS).

Disaggregation by socio-economic status {#S0003-S20002_29737}
---------------------------------------

[Table 1](#T0001_29737){ref-type="table"} presents the trends in modern contraceptive use among sexually active adolescents by education, place (rural or urban), and wealth quintiles in Burkina Faso, Ethiopia, and Nigeria. For Burkina Faso and Nigeria, there was a consistent disparity in the distribution of use of modern contraception among sexually active adolescents by education level, with the more educated adolescents more likely to be users compared to those adolescents who had not been to school. There was no statistically significant change in the prevalence of modern contraception use in Burkina Faso and Nigeria. This is in contrast to Ethiopia, where there has been a large and positive average annual rate of change over the years across all education levels. In all three countries, there was a huge gap in use between those with primary-level education and all levels above. The latest prevalence of use among adolescents with a secondary-level education or above was 2.4 times, 1.9 times, and 5.9 times higher in Burkina Faso, Ethiopia, and Nigeria, respectively, than those who had completed only primary-level education.

###### 

Trends in modern contraception use among sexually active adolescents in Burkina Faso, Ethiopia, and Nigeria, by education, geographic location, and wealth quintile

                          Burkina Faso   Ethiopia   Nigeria                                                    
  ----------------------- -------------- ---------- --------- ------ ------ ------ ------ ------ ------ ------ -------
  Education                                                                                                    
   None                   7.4            5.5        −2.1      3.1    5.4    14.2   10.1   1.0    0.8    0.2    −12.6
   Primary                19.9           18.0       −0.7      12.7   14.1   28.8   5.6    8.6    5.6    4.6    −4.5
   Secondary or greater   52.1           43.6       −1.3      9.8    59.0   54.6   11.3   27.8   27.3   27.0   −0.2
  Place                                                                                                        
   Urban                  38.4           35.3       −0.6      18.7   46.7   49.0   6.5    11.7   20.6   22.9   4.6
   Rural                  5.8            5.1        −0.9      3.4    6.6    20.9   11.9   6.6    6.1    4.0    −3.6
  Wealth quintiles                                                                                             
   Lowest                 4.1            2.9        −2.5      3.2    3.4    16.7   11.0   3.3    1.8    0.3    −19.0
   Second                 4.1            4.5        0.6       1.0    4.7    18.4   18.2   2.1    5.0    2.6    1.3
   Middle                 6.5            4.2        −3.2      1.0    3.2    19.9   19.1   4.4    8.5    10.4   5.8
   Fourth                 10.7           10.0       −0.5      0.8    11.9   24.3   21.0   16.5   18.7   19.5   1.2
   Highest                34.2           36.7       0.5       20.9   31.0   52.3   6.2    20.9   36.1   39.2   4.3

AAR\*: average annual percent rate of change between the latest and earliest DHS in the series considered for the analysis; none: no education; primary: primary completed; secondary or greater: above primary school.

Residence follows a pattern similar to education, with a greater gap between urban and rural areas. The latest prevalence of use among adolescents in urban areas was almost 7 times, 2.3 times, and 5.7 times greater than those who lived in rural areas in Burkina Faso, Ethiopia, and Nigeria, respectively. In addition, in Ethiopia, it is important to note an almost 2.6-fold and 6.1-fold increase in modern contraception use by adolescents from 2000 to 2011, in urban and rural areas, respectively. Moreover, the equity gap between urban and rural areas has been decreasing over time, and a similar pattern was observed to some extent in the differences in educational level and wealth quintile. Systematic analyses of the reasons for success in reduction in equity gaps will be important in order to understand the results and share lessons with other countries with prevailing inequities.

Subnational variations in modern contraception use among sexually active adolescents in Burkina Faso (2010), Ethiopia (2011), and Nigeria (2013) {#S0003-S20003_29737}
------------------------------------------------------------------------------------------------------------------------------------------------

As reflected by the distribution of modern contraception use among adolescents in rural and urban areas, there were large differences in the proportions of sexually active adolescents using modern contraception in the three countries ([Figs. 3](#F0003_29737){ref-type="fig"}--[5](#F0005_29737){ref-type="fig"}). As reflected in the differentials between urban and rural areas, the highest prevalence of use of modern contraception was recorded in the regions hosting the two main cities in Burkina Faso (Centre and Hauts-Bassins); the Addis Ababa region in Ethiopia; and Osun, Enugu, and Lagos States in Nigeria.

![Mapping of prevalence of modern contraception use among sexually active adolescents by region, Burkina Faso.\
Source: 2010 Demographic and Health Survey.](GHA-8-29737-g003){#F0003_29737}

![Mapping of prevalence of modern contraception use among sexually active adolescents by region, Ethiopia.\
Source: 2011 Demographic and Health Survey.](GHA-8-29737-g004){#F0004_29737}

![Mapping of prevalence of modern contraception use among sexually active adolescents by state, Nigeria.\
Source: 2013 Demographic and Health Survey.](GHA-8-29737-g005){#F0005_29737}

There were similarities across the three countries in the effect of region: the lowest percentages of use were recorded in predominantly Islamic regions and states (the Sahel, Nord, and Centre-Nord regions in Burkina Faso; the Afar and Somali regions in Ethiopia; and northern Nigeria). In Nigeria, it was striking to see almost no use of modern contraception among sexually active adolescent girls in Sokoto, Yobe, Zamfara, Kano, Katsina, Kebbi, Jigawa, Nasarawa, Borno, and Bauchi, which are all in northern Nigeria. Although there is homogeneity in northern Nigeria, significant differences between states could be observed within other regions. For example, although the average modern contraception use estimate among sexually active adolescents in the south-east in 2013 was 32.6%, Enugu State recorded 50.7% while Imo State recorded 13.2%. Similarly, although the use estimate among sexually active adolescents in the south-west in 2013 was 33.9%, Osun State recorded 65% (95% CI: 45--81%), while Oyo State recorded 15% (95% CI: 4.8--38%).

Distribution of modern contraception use by parity and birth spacing {#S0003-S20004_29737}
--------------------------------------------------------------------

In the latest DHS, the proportions of sexually active adolescents without a child, with one child, and with two or more children was 53.2, 39.8, and 7% in Burkina Faso, 55.3, 33.6, and 11.1% in Ethiopia, and 54.8, 35, and 10.2% in Nigeria, respectively. The effect of parity on the pattern of modern contraception use among sexually active adolescents over the years was similar in Burkina Faso and Nigeria ([Table 2](#T0002_29737){ref-type="table"}). There was no significant trend in modern contraception use among sexually active adolescents with one child and two or more children as compared to those with no children. In Ethiopia, however, there was an increasing trend in modern contraception use over the years, irrespective of parity. Modern contraception use had increased among first-time young mothers from 12% in 2005 to 24% in 2011.

###### 

Patterns of modern contraception use by parity and marital status among sexually active adolescents in Burkina Faso, Ethiopia, and Nigeria

  Countries   Burkina Faso, 2010 DHS   Ethiopia, 2011 DHS   Nigeria, 2013 DHS                             
  ----------- ------------------------ -------------------- ------------------- ------------ ------------ ------------
  Parity      Prevalence               Prevalence           Prevalence          Prevalence   Prevalence   Prevalence
  0           6.2                      47.3                 23.7                56           0.1          51.8
  (95% CI)    3.3--11.2                37--57.8             17.4--31.6          32.8--76.8   0.0--0.4     45.3--58.3
  1           5.7                      65.3                 24                  72           2.2          33.1
  (95% CI)    3.7--8.5                 21.8--92.7           17.3--32.2          16.2--97.2   1.3--3.6     18.7--51.6
  2 or more   9.0                      0                    15                  0            1.9          43.3
  (95% CI)    4.5--17.3                −                    7.3--29.7           --           0.6--5.5     5.9--88.8

CI: confidence interval; DHS: Demographic and Health Survey.

Missing values are due to very small sample sizes.

The relationship between modern contraception use and parity varied significantly by marital status. Using the latest DHS in each of the three countries, the prevalence of modern contraception use among sexually active adolescents with one child, who were not in union, was 65.3, 72.2, and 33.1% in Burkina Faso, Ethiopia, and Nigeria, respectively. These are 11.5 times, 3.0 times, and 15.3 times the prevalence for those in union in these countries, respectively.

Similarly, for adolescents with no child, prevalence of modern contraception use among adolescents not in union was 47.3, 56, and 41.3%, which was 7.7 times, 2.4 times, and 411 times the prevalence for those in union in Burkina Faso, Ethiopia, and Nigeria, respectively. These differences across countries are staggering and may point to a strong negative effect of marriage on the ability of adolescent girls to control their own fertility, irrespective of the level of modern contraceptive prevalence. It is also possible that, once married, adolescents want to conform to social norms and do not want to use contraceptives, although the data on unmet need for modern contraception among adolescents support the latter hypothesis less ([@CIT0006_29737]).

Regarding birth spacing, there was an inherent limitation for adolescents 15--19 years in the data sets for the analysis in terms of sample size, given that birth spacing can only be reliably explored for mothers with at least one child and a lag time of 24 months after each birth. For example, if an adolescent girl has a child at age 18, we do not have enough lag time in our sampling frame (limited to her 20th birthday) to observe whether or not she would have had short birth spacing or normal birth spacing as she moves out of the adolescent age group. For the purpose of this analysis, we decided to look mainly at any differences in the prevalence of modern contraception use among short birth spacing versus spacing of at least 24 months (normal spacing). There was no significant difference in the prevalence of modern contraception use by adolescent mothers by birth interval (spacing). The very small sample sizes after disaggregation did not allow for a comparative analysis of spacing by marital status.

Effects of selected health services on modern contraception use among sexually active adolescents {#S0003-S20005_29737}
-------------------------------------------------------------------------------------------------

We explored the effects on the use of modern contraception of ANC visits, institutional delivery, a postnatal care visit in the 2 months following delivery, child immunisation (DTP3), visit to the household by a family planning health worker, visit to a health facility by the mother in the past 12 months, and receipt of information and counselling on family planning during a visit to a health facility. We explored the variables individually and in a model, for all sexually active adolescents as well as for childbearing adolescents. The overall results underscore that, regardless of modern contraceptive prevalence rate, more contacts with health services are associated with increased modern contraception use.

More specifically, in Burkina Faso, the prevalence of modern contraception use among sexually active adolescents was 9.2% for four ANC visits, 7.9% for childbearing adolescents with postnatal care for the baby, 10.3% for adolescents whose babies completed DTP3, and 8.6% for adolescents who delivered in health facilities. These were approximatively 1.5 times, 13 times, and 7.3 times the prevalence for those with only one ANC visit, no postnatal care visit, no DTP3, and no institutional delivery, respectively. We did not observe a significant effect of household visit by a family planning health worker, visit to a health facility by the mother in the past 12 months, or receipt of information and counselling on family planning during a visit to a health facility.

In Ethiopia, there was a positive association of contraceptive use with all of the variables. The prevalence of modern contraception use among sexually active adolescents was 51.6% for four ANC visits, 48.5% for childbearing adolescents who used postnatal care services, 43.3% for adolescents whose babies completed DTP3, 22.1% for adolescents who delivered in health facilities, 37.6% for those who had a household visit by a family planning health worker, 37.4% for those who had visited a health facility in the past 12 months, and 37.5% for those who received information and counselling on family planning during a visit to a health facility. These values were approximately 3.6, 2.5, 2.5, 1.1, 1.6, 2, and 16.3 times the prevalence for those with only one ANC visit, no postnatal care visit, no DTP3, no institutional delivery, no visit by family planning health worker, no visit to a health facility in the past 12 months, and no counselling on family planning during a visit to a health facility, respectively.

In Nigeria, the pattern was very similar to that observed in Burkina Faso, with a positive association of use with four ANC visits, postnatal care for the baby, completion of DTP3, and institutional delivery but no effect of household visit by a family planning health worker, visit to a health facility by the mother in the past 12 months, or receipt of information and counselling on family planning during a visit to a health facility. Subsequently, we elected to assess variance in modern contraception use among sexually active adolescents that could be explained by opportunistic contacts with the health system, such as ANC, institutional delivery, and child immunisation, adjusting for socio-economic variables (education, residence, and wealth quintile) and marital status. The results are presented in [Table 3](#T0003_29737){ref-type="table"}.

###### 

Univariate and multivariate logistic regression of the effect of health service contacts on modern contraception use among adolescents in Burkina Faso, Ethiopia, and Nigeria

  Variables                                                                         Crude OR (95% CI)     Adjusted OR (95% CI)
  --------------------------------------------------------------------------------- --------------------- ----------------------
  Burkina Faso                                                                                            
   Antenatal care (4 visits)                                                        1.6 (0.8--3.2)        1.1 (0.5--2.4)
   Child immunisation[a](#TF0001_29737){ref-type="table-fn"} (completion of DTP3)   8.0 (1.8--35.9)       8.9 (3.0--26.7)
   Institutional delivery (yes)                                                     8.5 (1.1--63.2)       2.9 (0.3--26.3)
   Marital status (married)                                                         0.07 (0.04--0.11)     0.2 (0.0--2.4)
   Education                                                                                              
    Primary                                                                         3.8 (2.2--6.5)        0.9 (0.3--2.8)
    Secondary or above                                                              13.3 (7.9--22.5)      1.2 (0.3--3.4)
   Residence (urban)[a](#TF0001_29737){ref-type="table-fn"}                         10.2 (6.6--15.7)      3.7 (1.5--9.3)
   Wealth quintiles                                                                                       
    Second                                                                          1.6 (0.6--4.1)        2.4 (0.3--20.6)
    Middle                                                                          1.5 (0.5--3.9)        1.6 (0.2--15.2)
    Fourth                                                                          3.7 (1.5--9.4)        3.4 (0.4--31.3)
    Highest                                                                         19.4 (8.2--4.6)       6.7 (0.8--56.7)
  Ethiopia                                                                                                
   Antenatal care                                                                                         
    1 visit                                                                         0.6 (0.2--1.4)        0.9 (0.3--2.4)
    4 visits                                                                        3.7 (1.3--10.3)       2.8 (0.9--8.7)
   Child immunisation[a](#TF0001_29737){ref-type="table-fn"} (completion of DTP3)   3.7 (1.6--8.4)        3.5 (1.4--8.3)
   Institutional delivery (yes)                                                     2.1 (0.7--6.1)        4.9 (0.4--52.7)
   Marital status (married)[a](#TF0001_29737){ref-type="table-fn"}                  0.3 (0.1--0.6)        0.02 (0.00--0.74)
   Education                                                                                              
    Primary[a](#TF0001_29737){ref-type="table-fn"}                                  2.5 (1.5--4.0)        3.1 (1.1--8.5)
    Secondary or above                                                              7.3 (2.8--19.2)       4.6 (0.4--52.7)
   Residence (urban)                                                                3.6 (1.8--7.2)        10.3 (0.6--164.7)
   Wealth quintiles                                                                                       
    Second                                                                          1.1 (0.5--2.4)        0.5 (0.2--1.9)
    Middle                                                                          1.2 (0.6--2.6)        0.5 (0.2--1.6)
    Fourth                                                                          1.6 (0.8--11.6)       0.4 (0.1--2.0)
    Highest                                                                         5.5 (2.6--11.6)       1.3 (0.2--11.8)
  Nigeria                                                                                                 
   Antenatal care                                                                                         
    1 Visit                                                                         0.5 (0.1--2.5)        1.4 (0.3--7.8)
    4 Visits                                                                        4.3 (1.1--16.8)       2.4 (0.6--9.5)
   Child immunisation (completion of DTP3)                                          8.6 (3.8--19.2)       1.9 (0.7--5.0)
   Institutional delivery (yes)                                                     3.5 (1.6--7.7)        0.7 (0.3--1.7)
   Marital status (married)[a](#TF0001_29737){ref-type="table-fn"}                  0.01 (0.00--0.02)     0.1 (0.03--0.40)
   Education                                                                                              
    Primary                                                                         25.5 (5.5--128.8)     4.3 (0.7--27.8)
    Secondary or above[a](#TF0001_29737){ref-type="table-fn"}                       196.8 (45.5--851.5)   7.7 (1.5--40.5)
   Residence (urban)                                                                7.1 (5.1--9.9)        1.1 (0.4--2.7)
   Wealth quintiles                                                                                       
    Second                                                                          9.2 (2.8--30.9)       2.4 (0.3--18.5)
    Middle                                                                          40.5 (12.7--129.3)    2.5 (0.4--14.2)
    Fourth                                                                          85.1 (26.8--270.3)    5.3 (0.9--31.5)
    Highest                                                                         226.0 (70.1--728.5)   2.6 (0.3--22.4)

Significant at the 5% level. Crude and adjusted odds ratio (OR) estimates with their 95% confidence interval (95% CI) of the effect of selected health services on modern contraception use among sexually active adolescents in Burkina Faso (2010 DHS), Ethiopia (2011 DHS), and Nigeria (2013 DHS). Crude OR calculated from a univariate logistic regression. Adjusted OR calculated from a multivariate logistic regression adjusting for other variables in the model.

In a simple, non-adjusted multivariate analysis, there were several variables that were associated with use of modern contraception among sexually active adolescents in all three countries. These included child immunisation, marital status, education (all levels), residence, and wealth quintile (least poor). After adjusting for socio-economic variables, there were fewer variables with a statistically significant association with modern contraceptive use among sexually active adolescents. These included child immunisation and residence in Burkina Faso; child immunisation, marital status, and education (primary level) in Ethiopia; and marital status and education (secondary level and above) in Nigeria.

Discussion {#S0004_29737}
==========

Demographic and socio-economic variations across countries {#S0004-S20001_29737}
----------------------------------------------------------

There were significant variations in the use of modern contraception by demographic and socio-economic characteristics in Burkina Faso, Ethiopia, and Nigeria, despite being in the same geographic region of sub-Saharan Africa. While in Burkina Faso and Nigeria there has been no significant progress over the last three surveys at the national level, the data from the 2011 DHS in Ethiopia indicate a sharp increase in the use of modern contraceptives among sexually active adolescents. It will be important to identify the policies and strategies being implemented in Ethiopia and share these findings with other countries. Regarding age, although the difference was not statistically significant, the use of modern contraception tended to be lower for younger adolescents. This finding is confirmed by a recent study in Kenya, Tanzania, and Uganda ([@CIT0009_29737]) where the authors found the relationship between adolescent motherhood and lack of contraception use was strongest among births within the youngest age group (\<16 years old). For marital status, the main finding in our study, also confirmed by other authors ([@CIT0009_29737], [@CIT0010_29737]), is that adolescents in union constitute a vastly different group from adolescents not in union. One of our main questions was whether adolescent women in union would be more likely to use contraception after having their first child. The data in our study suggest that first-time, married young mothers are not using modern contraception. They are also more likely to be less educated, poorer, and to be in rural areas as compared to those that are not married. This situation increases their vulnerability for increased fertility and higher risks of mortality and fistula.

The data on socio-economic variables allow us to analyse equity issues. Across all three countries, there is a significant equity gap in modern contraception use. Adolescents who have a high school level education or above, who are in urban areas, and who are in the highest wealth quintiles use significantly more modern contraception as compared to their peers who have primary-level education, live in rural areas, or who belong to the lowest wealth quintiles. These findings are similar to the trends and patterns observed in sub-Saharan Africa or at the global level by other authors ([@CIT0011_29737], [@CIT0012_29737]). However, the countries differ in the direction and type of changes observed over time. In Nigeria, the equity gap has worsened over the years, with a reduction in the average annual rate in modern contraceptive prevalence of 12.6, 3.6, and 19% for childbearing adolescents with no education, living in rural areas, or belonging to the lowest wealth quintile, respectively. The lowest quintile is the only category within the wealth quintiles to have a huge increase in the equity gap as compared to the other quintiles. The data also suggest a similar pattern in Burkina Faso, where the worst increase in the equity gap affecting modern contraception use among childbearing adolescents was observed for the lowest (first), second, and third quintiles, as well as for the group with no education.

In contrast, data from Ethiopia revealed a significant and systematic reduction in the equity gap over the years in terms of education, geographic location, and wealth quintiles. The narrowing of the equity gap was notable for childbearing adolescents with no education or living in rural areas, with an average annual increase in the rate of modern contraception use of 10 and 12%, respectively. The narrowing of the equity gap was greatest for the second, third, and fourth quintiles, with an average of 20% annual increase in the rate of modern contraception use among all three groups combined. These results are worth noting, given that Ethiopia has been cited as one of the countries with the highest inequities in health services among many other sub-Saharan countries ([@CIT0013_29737], [@CIT0014_29737]). Ethiopia has made massive investments in primary healthcare and a national community health-worker programme (referred to as the *Health Extension Workers Programme*), with community workers on the government payroll who are trained, supervised, and equipped to provide modern contraception at the last mile, including implants ([@CIT0015_29737]). The data also suggest a need for further research to investigate if the same reduction in the equity gap is observed across other maternal and newborn interventions. Systematic analyses of the reasons for success in reducing inequity will be important to document and share with other countries with greater inequities.

Subnational variations {#S0004-S20002_29737}
----------------------

With increasing decentralisation and empowerment of local governments at subnational levels (states, regions, and counties are increasingly setting priorities and budget allocations across development sectors), it is critical to provide disaggregated data for evidence-based policy making and programme design. The data show some similarities across the three countries, with the lowest modern contraception rates recorded among sexually active adolescents in the poorest regions and states and in rural areas. It is also interesting to note that across the three countries there is very low contraceptive prevalence in largely Islamic populations, although predominantly animist regions in Burkina Faso also had very low prevalence rates. It is not surprising that these states and regions with very low contraception use also have the highest prevalence of child marriage and lowest literacy rates. In fact, child marriage has shown to be associated with unintended pregnancy, low levels of contraceptive use, and limited use of maternal health services ([@CIT0016_29737]), which result in increased vulnerability for negative maternal outcomes.

These factors alone, however, do not account for all the variance in contraception use across states and regions. Even within the same geographic areas, we observed significant variations among neighbouring states, such as is the case in Nigeria for the states of Osun and Oyo in the south-west or between the states of Imo and Abia in the south-east. These differences point to possible differences in policy, strategies, and investment by local governments in women\'s, children\'s, and adolescents' health, as well as in cultural and societal norms and values with regards to keeping adolescent girls in school, curtailing child marriage, and increasing access to modern contraception for all women of reproductive age.

Determinants of modern contraceptive use among sexually active adolescents {#S0004-S20003_29737}
--------------------------------------------------------------------------

Using the latest DHS data, the multivariate analysis of potential factors explaining the variance in modern contraception use among childbearing adolescents was very revealing and points to some commonalities, as well as missed opportunities, for integrating family planning services with maternal and newborn health across the three countries. There was a very strong and negative impact of marriage, even after adjusting for all other variables. The adjusted odds of a childbearing adolescent using modern contraception when she is not in union are 5 times, 50 times, and 10 times that of married adolescents for Burkina Faso, Ethiopia, and Nigeria, respectively. It is therefore critical to reach those childbearing adolescents in union in order to improve their maternal and newborn outcomes ([@CIT0016_29737]). Having at least a high school education, living in urban areas, and belonging to the highest wealth quintiles may just reflect the same group of adolescents who are better off as compared to others and who have more access to modern contraceptive information and services.

The pattern and strength of change in these factors also varies across countries after adjusting for socio-economic variables (education, residence, wealth quintiles). While in Burkina Faso the strongest associations with contraceptive use were observed for child immunisation and residence, in Ethiopia it was child immunisation, marital status, and education (primary school), and in Nigeria marital status and education (secondary school). Why ANC and institutional delivery did not significantly affect use of contraception after adjusting for socio-economic variables would be interesting to understand. A possibility is that these factors are influenced by residence in Burkina Faso, where health services are more accessible and available in urban areas; the same could be said for adolescents with primary-level education or above in Ethiopia and Nigeria, who may best represent those living in cities with more access to ANC and institutional delivery.

One can clearly see the importance of integration of maternal and newborn health services ([@CIT0017_29737]), particularly child immunisation, the strongest and most significant modifier of modern contraceptive use among childbearing adolescents. Are the childbearing adolescents more likely to become users of modern contraception when their children complete DTP3, or are the adolescents who ensure completion of their children\'s immunisation more likely to hear about contraception and services and adopt family planning?

Regardless, child immunisation appears to be a critical factor and thus a missed opportunity for improving the coverage of family planning among childbearing adolescents. The odds that a childbearing adolescent will use modern contraception when her newborn completes DTP3 (which corresponds roughly to a period of 3 months after birth) is 9 times, 3.5 times, and 2 times the odds in the absence of exposure to child immunisation in Burkina Faso, Ethiopia, and Nigeria, respectively. Finally, the results of the multivariate analysis, after adjusting for socio-economic and demographic factors, may hide the effects of other variables such as cultural norms. Policies and strategies to provide information and services for contraception, which are critical for the empowerment and rights of adolescent girls and women, need to build on the most contextually relevant drivers for use of modern contraception.

Limitations {#S0004-S20004_29737}
-----------

Some limitations of the study are related to the small sample sizes. Another limitation in the analysis of birth spacing is the short period available to observe birth spacing during adolescence, given the age restriction (15--19 years) and the definition of a normally spaced birth (24 months). These limitations often resulted in very wide confidence intervals, which limited statistical analysis and the conclusions that could be made.

Conclusions {#S0005_29737}
===========

This paper highlights the importance of understanding subnational variations and differences in modern contraceptive use among sexually active adolescents in order to better address their needs. Although there are prevailing equity issues, the data from Ethiopia are an indication that, when proper policies and investments are made (e.g. the Health Extension Workers Programme and availability of modern contraceptives at the last mile) ([@CIT0015_29737]), it is possible to significantly reduce the equity gap in a short period of time. Marriage remains, by far, the major bottleneck for childbearing adolescents' use of modern contraception. Improving modern contraception use among sexually active adolescents will require capitalising on missed opportunities for contact with the health system, particularly during child immunisation. Banning child marriage, ensuring comprehensive sexuality education and connecting childbearing adolescents with information and services during routine health services such as ANC, institutional delivery, and child immunisation are critical to meeting their needs and improving adolescent girls' well-being, empowerment, and human capital.
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> Postpartum contraception remains very low in sub-Saharan Africa. This paper investigates missed opportunities in the use of postpartum family planning in association with the health services, after adjusting for socio-economic characteristics. There are systematic and pervasive equity issues in the use of modern postpartum family planning. After adjusting for socio-economic variables, the most consistent health sector services associated with modern postpartum contraception are institutional childbirth and child immunisation. The results point to missed opportunities for better integration of maternal, newborn, and family planning services.

Achieving universal access to voluntary family planning and contraception services requires enabling policy and political environments, quality services, demand generation interventions, and integration of health systems to address missed opportunities. A key marker for high quality and integrated services is postpartum family planning ([@CIT0001_29738]). Postpartum family planning refers to the prevention of unintended and/or closely spaced pregnancies in the period after delivery. The first 12 months following childbirth is a period when a subsequent pregnancy holds the greatest risk for mother and baby ([@CIT0001_29738]), but also when there are numerous health service contacts for postnatal care for both mother and baby (for instance, child immunisation, nutrition, etc.).

The benefits and importance of postpartum family planning are well documented and include, at the individual level, reduction in the risk of miscarriage, low birth weight, neonatal death, maternal death, preterm birth, anaemia, and premature rupture of membranes ([@CIT0002_29738], [@CIT0003_29738]). The risks of early neonatal, neonatal, and infant deaths are high for subsequent births between the first 9 and 18 months after the end of a pregnancy ([@CIT0003_29738], [@CIT0004_29738]). Moreover, family planning could avert more than 30% of maternal deaths and 10% of child deaths if pregnancies were spaced more than 2 years apart ([@CIT0005_29738]).

It is thus critical that the health system does not miss any opportunities to offer women postpartum family planning information and services to ensure healthy outcomes for mothers and babies and to empower women to choose when to have subsequent children as well as how many. At the global level, thousands of under-five child deaths could be prevented by ensuring appropriate birth spacing ([@CIT0005_29738]). In recent reviews on the use of family planning in the postpartum period, antenatal care (ANC) visits and skilled birth attendance were found to be associated with postpartum family planning ([@CIT0006_29738], [@CIT0007_29738]). Similarly, wealth, education, and place of residence were associated with family planning in the postpartum period. These correlations may be associated with the modality of delivery of family planning services (through health facilities or household-based by community health workers) or with the populations in terms of who they are (wealthiest vs. poorest) rather than the covariates themselves. Moreover, one can expect that high-parity births would be more likely to be followed by contraceptive use. This paper assesses between- and within-country variations for three countries -- Ethiopia, Malawi, and Nigeria -- to determine whether postpartum family planning is associated with birth intervals and parity and to identify the health services most closely associated with postpartum family planning (adjusting for socio-economic characteristics).

Data and methods {#S0002_29738}
================

The data used in this study are from the most recent Demographic and Health Surveys (DHS) in Ethiopia (2005 and 2011), Malawi (2004 and 2010), and Nigeria (2008 and 2013). The fieldwork for the surveys took place between 2004 and 2013 and they contain a reproductive calendar. These countries were chosen because they have a low or moderate level of family planning use and have conducted two recent surveys with the complete reproductive health calendar, which is necessary for analysing postpartum family planning for a large sample of births. They also capture the diversity of sub-Saharan African countries in terms of geography, culture, religious groups, level of decentralisation, population size, contraceptive prevalence, languages, regions, and economic indicators. All women aged 15--49 years for whom the calendar was completed and who had given birth in the previous 60 months were included in the analysis. The complete reproductive calendar typically records, for each of the 60 months preceding the interview, all pregnancies, births, and terminations, as well as use of family planning ([@CIT0007_29738]). We merged the DHS women\'s data set (individual recode, which includes the reproductive calendar) with the DHS birth record for each of the births recorded in a survey for the last 60 months for each country.

The definition of the postpartum period in this paper is based on a period of 3 months postpartum. We used this definition to assess early adoption of postpartum family planning. In fact, the reproductive calendar is based upon the women\'s memory of the past 60 months. Initiation of family planning might be remembered relatively accurately if family planning was initiated immediately postpartum. Rather than needing to remember a particular month, a woman could remember that she started using family planning immediately following birth, an event easily recalled or likely to be documented. A longer postpartum period is likely to make the users of postpartum family planning similar to all users of family planning, whereas the focus in this study is on early adoption ([@CIT0007_29738]).

Modern family planning methods as defined in the DHS include female sterilisation, male sterilisation, pills, intrauterine devices, injectables, implants, male condoms, female condoms, diaphragms, foam/jelly, the lactational amenorrhoea method, and emergency contraception. Initiation of modern family planning (defined as involving the use of modern methods of contraception) during the first 3 months after delivery was disaggregated by demographic and socio-economic factors, parity, and birth intervals, as well as opportunistic use of the health system (ANC, institutional delivery, and child immunisation). The average prevalence in the latest DHS for ANC, skilled attendance at delivery, and child immunisation (third dose of diphtheria--tetanus--pertussis, DTP3) are: 43, 10, and 37% for Ethiopia; 95, 71, and 93% for Malawi; and 61, 38, and 38% for Nigeria, respectively.

Descriptive results are presented in tabular form, as maps, or via equiplots to best illustrate trends or disparities. Logistic regressions were also conducted for each survey analysed. This analysis explored the factors of service delivery use that were most correlated with postpartum family planning, adjusting for socio-economic factors. All of the analyses were performed with Stata 13.0 statistical software, taking into account the design characteristics of the surveys. Ethics procedures were the responsibility of the institutions that commissioned, funded, or administered the surveys.

Results {#S0003_29738}
=======

As can be seen in [Fig. 1](#F0001_29738){ref-type="fig"}, postpartum family planning has improved in Ethiopia and Malawi over the last two surveys, with a 160 and 55% increase in the national average from the 5 and 9.5% baseline, respectively. In contrast, in Nigeria, not only there was no increase from 2008 to 2013, but postpartum family planning prevalence has decreased from an already low level of 5.9--3.8%.

![Trends in average percent modern postpartum family planning use (% PPFP) at 3 months, all women 15--49 years old, with 95% confidence intervals in Ethiopia, Malawi, and Nigeria. Source: DHS.](GHA-8-29738-g001){#F0001_29738}

Disaggregation of modern postpartum family planning by age and marital status {#S0003-S20001_29738}
-----------------------------------------------------------------------------

[Figure 2](#F0002_29738){ref-type="fig"} presents the differentials by 5-year age groups in the three countries. With the exception of the 40--44 age group in Ethiopia, there were statistically significant differences across all age groups over time in both Ethiopia and Malawi. In Ethiopia, the highest increases in 2011 were observed among adolescents (15--19), youth (20--24), and women aged 45--49, while in Malawi, the highest increases were observed for women above 35 years old.

![Distribution of modern postpartum family planning at 3 months, all women 15--49 years old, by age, with 95% confidence intervals in Ethiopia, Malawi, and Nigeria. Source: DHS.](GHA-8-29738-g002){#F0002_29738}

Among adolescents 15--19 years old, modern postpartum contraception has increased by 4.3 and 1.8 times in Ethiopia and Malawi, respectively. In Nigeria, there has been a systematic decrease in contraceptive use by all age groups, and there was no significant difference in the decrease across the age groups.

Regarding marital status, there was a skewed distribution towards marital status in the analysis samples, with 98.5, 96.9, and 97.3% of women in a union in Ethiopia, Malawi, and Nigeria, respectively. Births outside of unions are thus not common in these three countries. Using the latest DHS, we did not find any significant variation in postpartum family planning use by marital status in the three countries (data not presented).

Distribution of modern postpartum family planning by socio-economic status {#S0003-S20002_29738}
--------------------------------------------------------------------------

We explored variations in postpartum use of modern contraception by education level, place of residence (urban vs. rural), and wealth quintile. The data are presented in [Table 1](#T0001_29738){ref-type="table"} and equiplots are constructed for the three countries ([Fig. 2](#F0002_29738){ref-type="fig"}). Overall, there is a strong and statistically significant association between the use of modern postpartum family planning and education level, place of residence, and wealth quintile across all three countries. The inequalities have increased over the years in Ethiopia and Malawi between women with secondary-level education and above and women with primary-level education or lower. There was no statistically significant effect of education level in Nigeria, where the reduction appeared similar across all levels of education. The patterns of differentials by place of residence and education level were similar to one another, with increased inequalities over time between the urban and rural areas in Ethiopia and Malawi. In Nigeria, the absolute inequality in access and use of modern contraception in the postpartum period remained constant. Finally, regarding differentials by wealth quintile, the use of modern postpartum family planning was significantly higher among the richest quintiles compared to the poorest across all three countries. In Ethiopia, the inequality in the use of modern postpartum family planning increased from 2005 to 2011, from a 12.4% differential to a 28.9% differential between the lowest and highest quintiles. In Malawi and Nigeria, there did not appear to be significant differentials by wealth quintile across the last two surveys.

###### 

Postpartum use of modern family planning at 3 months among women 15--49 years old disaggregated by education, place, and wealth quintile in Ethiopia, Malawi, and Nigeria

                     Ethiopia   Malawi   Nigeria                                                       
  ------------------ ---------- -------- --------- ----- ------ ----- ------ ----- ------ ----- ------ -----
  Education                                                                                            
   No education      1.6        0.2      6.8       0.3   7.2    0.6   12.7   0.6   2.5    0.2   0.9    0.1
   Primary           5.7        0.7      13.9      0.7   10.0   0.4   14.2   0.3   6.7    0.4   4.4    0.3
   Secondary \>      26.4       1.9      42.3      2.4   13.0   1.2   19.8   0.9   10.7   0.4   8.2    0.3
  Place                                                                                                
   Urban             21.2       1.3      34.4      1.2   12.1   1.1   22.1   1.1   10.1   0.4   7.0    0.3
   Rural             1.9        0.2      6.3       0.3   9.1    0.3   13.5   0.3   4.1    0.2   2.1    0.1
  Wealth quintiles                                                                                     
   Lowest            0.8        0.2      2.7       0.3   6.8    0.6   11.7   0.5   2.8    0.2   0.6    0.1
   Second            0.9        0.3      6.6       0.6   7.6    0.6   13.0   0.6   3.4    0.3   1.4    0.2
   Middle            2.2        0.4      6.1       0.6   8.8    0.6   14.6   0.6   4.2    0.3   2.5    0.2
   Fourth            2.6        0.5      9.5       0.7   10.7   0.8   16.8   0.7   7.0    0.4   6.4    0.4
   Highest           13.2       0.9      31.6      1.1   14.9   1.0   18.9   0.9   14.3   0.7   10.5   0.5
  All                5.0        0.2      11        0.3   9.5    0.3   14.7   0.3   5.9    0.1   3.8    0.2

SDV, standard deviation of the mean percent using modern family planning at 3 months postpartum in the latest Demographic and Health Surveys; primary, primary completed; secondary \>, above primary school.

Distribution of modern postpartum family planning by parity and birth interval {#S0003-S20003_29738}
------------------------------------------------------------------------------

[Table 2](#T0002_29738){ref-type="table"} presents the pattern of modern postpartum contraception use in the three countries by parity and birth interval. The use of modern postpartum contraception remains low in Nigeria regardless of levels of parity. There was no significant difference attributed to parity in Malawi. In Ethiopia, the use of modern postpartum family planning varied significantly by parity and was higher for low parity with a drop-off by half in the use of modern postpartum family planning for parity of four and above. For birth interval, apart from a slight increase in modern postpartum contraception use among women with short birth intervals in Malawi, there was no significant effect of birth interval.

###### 

Prevalence of modern postpartum family planning at 3 months among women 15--49 years old by parity and birth interval (preceding birth)

                                      Ethiopia 2011 DHS   Malawi 2010 DHS   Nigeria 2013 DHS               
  ----------------------------------- ------------------- ----------------- ------------------ ----- ----- -----
  Parity                                                                                                   
   One                                16.8                0.9               13.1               0.6   3.7   0.3
   Two or three                       11.8                0.6               14.7               0.5   4.7   0.2
   Four or five                       6.0                 0.5               15.2               0.6   3.9   0.3
   Six or more                        6.1                 0.5               15.8               0.7   2.7   0.2
  Birth intervals (preceding birth)                                                                        
   \<24 months                        8.1                 0.7               18.7               0.9   3.2   0.3
   ≥24 months                         8.3                 0.4               14.5               0.3   4.1   0.2

DHS, Demographic and Health Survey; SDV, standard deviation of the mean percent using modern family planning at 3 months postpartum in the two latest DHS.

Sub-national variations in postpartum family planning in Ethiopia (2011), Malawi (2010), and Nigeria (2013) {#S0003-S20004_29738}
-----------------------------------------------------------------------------------------------------------

There were very large regional differences in the proportions of modern postpartum contraception use in the three countries ([@CIT0003_29738]--[@CIT0005_29738]), although the low prevalence of modern postpartum family planning across the three countries mirrors a generally low level of modern contraception in sub-Saharan Africa ([@CIT0008_29738]). Our study revealed that in Ethiopia 55% of childbearing women adopted modern postpartum family planning in the Addis Ababa region, followed by the Dire Dawa region (a city administration similar to Addis Ababa), where 21% of childbearing women adopted modern postpartum family planning in the 3 months following childbirth.

![Equiplots of modern postpartum family planning at 3 months, all women 15--49 years old, by education, place, and wealth quintile in Ethiopia, Malawi, and Nigeria.](GHA-8-29738-g003){#F0003_29738}

![Mapping of prevalence of modern postpartum family planning use at 3 months, all women 15--49 years old, by region, Ethiopia. Source: 2011 DHS.](GHA-8-29738-g004){#F0004_29738}

![Mapping of prevalence of modern postpartum family planning use at 3 months, all women 15--49 years old, by district, Malawi. Source: 2010 DHS.](GHA-8-29738-g005){#F0005_29738}

In Malawi, there were between and within variations across the three regions of the country. In the Central, Southern, and Northern regions, 17, 13, and 11% of childbearing women had used modern postpartum family planning, respectively. However, when we disaggregated the data by region, we saw a significant difference between the Dowa district and the Nkhotakota district in the Central region, with prevalence at 29 and 12%, respectively. The same could be observed between the Rumphi district and the Mzimba district in the Northern region, with prevalence at 17 and 8%, respectively. A similar pattern was observed in the Southern region, pointing to the importance of sub-national analysis.

In Nigeria ([Fig. 6](#F0006_29738){ref-type="fig"}), the prevalence of modern postpartum family planning was extremely low, with some outlier regions (South South and South West) and states (Delta, Edo, Imo, Lagos, and Oyo) where the prevalence was significantly above the national average. It is interesting to note that these five states were not necessarily the top five states for overall modern contraception use in Nigeria. An inquiry with development partners in Nigeria revealed that the observed differences may be associated with the Nigeria Urban Reproductive Health Initiative programme, which targeted urban slum dwellers in five selected states including Oyo (Ibadan) and Edo from 2009 to 2014 ([@CIT009_29738]). The project utilised a holistic approach for family planning programming in the cities to target communities with a high population of urban poor. Similarly, the Delta and Edo states have benefited from the ACCESS Family Planning Program, which focused on postpartum family planning from 2008 to 2014 using an innovative systematic screening strategy ([@CIT0010_29738], [@CIT0011_29738]). In Malawi, specific investments with a focus on postpartum family planning are fairly recent and differences across the districts may more reflect differences in the socio-economic or demographic factors of the women. In summary, in all three countries, the observed variations point more to variance in opportunities in access and supply or social and cultural behavioural norms.

![Mapping of prevalence of modern postpartum family planning use at 3 months, all women 15--49 years old, by state, Nigeria. Source: 2013 DHS.](GHA-8-29738-g006){#F0006_29738}

Effects of selected health services on adoption of postpartum family planning {#S0003-S20005_29738}
-----------------------------------------------------------------------------

Along the continuum of points of contact for postpartum family planning we also explored the association of ANC visits, institutional delivery, and child immunisation (DTP3 as proxy) with postpartum modern contraceptive use. We modelled the variables individually and in a multivariate analysis, adjusting for socio-economic factors. The results are presented in [Table 3](#T0003_29738){ref-type="table"}. After adjusting for covariates, there were statistically significant associations between institutional delivery and child immunisation and the use of modern postpartum family planning across all three countries.

###### 

Multivariate analysis of effect of contacts with the health system on modern postpartum contraception use

  Variables                                                                         Adjusted OR   Lower CI   Higher CI
  --------------------------------------------------------------------------------- ------------- ---------- -----------
  Ethiopia (2011)                                                                                            
   Antenatal care (1--3 visits)                                                     1.12          0.89       1.41
   Antenatal care (4 visits)[a](#TF0001_29738){ref-type="table-fn"}                 1.92          1.54       2.39
   Institutional delivery (yes)[a](#TF0001_29738){ref-type="table-fn"}              2.04          1.63       2.56
   Child immunisation[a](#TF0001_29738){ref-type="table-fn"} (completion of DTP3)   1.85          1.56       2.20
   Education (primary)[a](#TF0001_29738){ref-type="table-fn"}                       1.63          1.36       1.96
   Education (higher)[a](#TF0001_29738){ref-type="table-fn"}                        1.34          1.03       1.75
   Residence (urban)[a](#TF0001_29738){ref-type="table-fn"}                         0.68          0.52       0.90
   Wealth quintiles -- second[a](#TF0001_29738){ref-type="table-fn"}                3.04          2.02       4.57
   Wealth quintiles -- third[a](#TF0001_29738){ref-type="table-fn"}                 3.55          2.38       5.30
   Wealth quintiles -- fourth[a](#TF0001_29738){ref-type="table-fn"}                4.48          3.06       6.57
   Wealth quintiles -- fifth[a](#TF0001_29738){ref-type="table-fn"}                 7.48          4.94       11.33
  Malawi (2010)                                                                                              
   Antenatal care (1--3 visits)                                                     0.96          0.75       1.23
   Antenatal care (4 visits)                                                        1.08          0.85       1.39
   Institutional delivery (yes)[a](#TF0001_29738){ref-type="table-fn"}              1.31          1.16       1.47
   Child immunisation[a](#TF0001_29738){ref-type="table-fn"}                                                 
   (completion of DTP3)                                                             1.47          1.29       1.69
   Education (primary)                                                              1.05          0.92       1.20
   Education (higher)                                                               1.12          0.94       1.34
   Residence (urban)[a](#TF0001_29738){ref-type="table-fn"}                         0.66          0.57       0.77
   Wealth quintiles -- second[a](#TF0001_29738){ref-type="table-fn"}                1.16          1.01       1.34
   Wealth quintiles -- third                                                        1.13          0.98       1.30
   Wealth quintiles -- fourth                                                       1.14          0.98       1.33
   Wealth quintiles -- fifth[a](#TF0001_29738){ref-type="table-fn"}                 1.20          1.01       1.43
  Nigeria (2013)                                                                                             
   Antenatal care (1--3 visits)                                                     0.85          0.63       1.15
   Antenatal care (4 visits)                                                        1.15          0.94       1.42
   Institutional delivery (yes)[a](#TF0001_29738){ref-type="table-fn"}              1.24          1.04       1.48
   Child immunisation[a](#TF0001_29738){ref-type="table-fn"}                                                 
   (completion of DTP3)                                                             1.34          1.14       1.57
   Education (primary)[a](#TF0001_29738){ref-type="table-fn"}                       1.96          1.51       2.53
   Education (higher)[a](#TF0001_29738){ref-type="table-fn"}                        2.20          1.70       2.83
   Residence (urban)                                                                1.00          0.84       1.18
   Wealth quintiles -- second[a](#TF0001_29738){ref-type="table-fn"}                2.83          1.76       4.57
   Wealth quintiles -- third[a](#TF0001_29738){ref-type="table-fn"}                 3.70          2.30       5.96
   Wealth quintiles -- fourth[a](#TF0001_29738){ref-type="table-fn"}                5.81          3.60       9.38
   Wealth quintiles -- fifth[a](#TF0001_29738){ref-type="table-fn"}                 8.52          5.19       13.99

Significant at the 5% level. OR, odds ratio; CI, confidence interval; DTP3, diphtheria--tetanus--pertussis. Adjusted OR calculated from a multivariate logistic regression adjusting for socio-economic variables. Reference categories are no antenatal care visit (antenatal care), no education (education), no health facility delivery (skilled attendance), rural area (residence), no completion of DTP3 (child immunisation), and lowest quintiles (wealth quintiles).

The odds of using modern postpartum family planning after delivering at a health facility were, on average, twice as high compared to women who did not deliver at a health facility in Ethiopia, 1.3 times higher in Malawi, and 1.2 times higher in Nigeria. In Ethiopia, the odds of using modern postpartum family planning when a woman completed DTP3 for her child were twice that of women who did not. The strength of the associations were more modest, but still statistically significant, in Malawi and Nigeria. In general, we did not find that ANC was consistently associated with the adoption of postpartum modern contraception after adjusting for socio-economic variables.

Discussion {#S0004_29738}
==========

Demographic and socio-economic factors {#S0004-S20001_29738}
--------------------------------------

The rationale and goal of family planning is to empower women and childbearing adolescents to decide on contraceptive methods, adopt the method of choice, and use this method for 2 years or longer, depending on the reproductive intentions of the woman or couple. Although the level of use of modern postpartum family planning was low across the three countries, the positive change (particularly among adolescents) in Ethiopia and Malawi is encouraging. The level of contraception use in the immediate postpartum period was lower than the overall modern contraception use among sexually active and childbearing adolescents ([@CIT0002_29738], [@CIT0012_29738]). This constitutes an increase in births, which may lead to increased unwanted pregnancies, high fertility, and subsequent high risks for maternal mortality, fistula (leading to continuous urinary or faecal incontinence), and poverty. We did not observe any effect of marital status on the postpartum use of modern contraception. The socio-economic characteristics (education, place of residence, and wealth quintile) of the women were significantly associated with the use of modern contraception in the postpartum period. However, the overall results of our analysis imply that other determinants beyond socio-economic status may be at play.

Effects of parity and birth spacing {#S0004-S20002_29738}
-----------------------------------

Apart from Ethiopia, where we observed a variation by parity, it was surprising to find no significant association between parity or birth interval and modern contraception use in the postpartum period. The expectation among some that high parity births would be more likely followed by contraceptive use is not borne out in any of the three settings. It is possible that high parity is an indication that a woman is, in fact, not likely to use family planning as she has not controlled her fertility before and therefore will continue that pattern. It is also possible that couples who have unplanned pregnancies continue to have unplanned pregnancies throughout the reproductive health lifecycle or that, once married, women are under pressure to have many children. Alternatively, maybe parity and birth spacing are not among the best predictors or determinants of modern postpartum contraception use in family planning. Regardless, given the low postpartum contraceptive use, there is increased vulnerability to unplanned pregnancy for individuals and couples, and particularly adolescent girls, in the three countries after childbirth.

Sub-national variations {#S0004-S20003_29738}
-----------------------

We observed sub-national variations at the state, regional, and district levels across all three countries. These variations highlight the importance of disaggregated data for evidence-based policy making and programme design. The difference between rural and urban areas could partly account for some of these differences, but the results also point to other plausible explanatory factors, as several districts or states within a region have a very different prevalence of use of modern contraception in the postpartum period. These other factors may reflect differences in supply (performance of the health system) and demand (including culture and social norms within communities).

Effect of contact points with the health system {#S0004-S20004_29738}
-----------------------------------------------

We did not directly analyse the effect of variance in the supply of contraceptives in this paper, although the difference between urban and rural areas is a proxy for supply and access, as supply and access are generally better in urban areas and for the wealthiest women. The coverage of opportunistic contacts with the health system (ANC, skilled birth at delivery, child immunisation) varies across the three countries. When exploring the association of opportunistic contacts with the health system, we did not see a consistent relationship between ANC visits (irrespective of the number of the visits) and use of modern contraception in the postpartum period across countries. Given the association between ANC and institutional delivery ([@CIT0013_29738]--[@CIT0015_29738]), the result may reflect the absence of provision of family planning information and services during ANC. It may also indicate that a woman does not act on information unless it is given to her at a moment when she can act upon it effectively. In addition, proper ANC visits, when well conducted, could be associated with effective postnatal care. The lack of capacity and integration of maternal health services with family planning services results in missed opportunities. In this analysis, we did not assess to what extent community health workers as part of the health system may influence postpartum family planning use. This is partly because we are looking at events that occurred many months or years before such questions were asked. We also explored the effect of either a visit by a family planning health worker or a visit to a health facility by the woman in the previous 12 months and whether information and counsel on family planning were provided to the woman during a visit to a health facility; we did not find an association in another study in Burkina Faso, Ethiopia, and Nigeria ([@CIT0012_29738]). The fact that these variables were not found in our analysis to be key determinants for adoption of modern contraception use warrants more investigation via research or surveys that specifically address postpartum family planning.

Overall, the most consistent associations found were institutional delivery and child immunisation. This may reflect the fact that women who use such maternal and newborn health services are also more likely to use postpartum family planning services, or that by attending these services they have more opportunities to be convinced to use them and are provided with a method, or both. The use of DTP3 represents a 'dose--response' relationship in the postpartum period, as it corresponds to the third visit after post-delivery discharge and provides plenty of opportunity to inform, educate, and offer postpartum family planning. Giving birth in a facility and child immunisation appear to be critical factors and potentially missed opportunities for improving postpartum family planning coverage. As indicated in the World Health Organization\'s publication on programming strategies for postpartum family planning ([@CIT0016_29738]), an understanding of both the health system in terms of how it is structured, organised, staffed, and financed as well as current government policies is essential to assess existing gaps and opportunities for offering family planning to postpartum women. Using standardised instruments and tools to identify and address each client\'s needs for family planning services during delivery or child immunisation would be critical. The focus for integration of postpartum family planning services and other health services should be on services that are at the point of childbirth or in the period immediately following. If family planning services are not available at the time of contact with the health system, women should be referred to facilities where they could access the family planning services that could not be provided to them immediately.

Limitations {#S0004-S20005_29738}
-----------

The measurement of family planning based on the reproductive calendar likely suffers from large recall errors. In Nigeria, where the modern contraceptive prevalence was already very low, postpartum family planning was even lower, which further limits meaningful disaggregation and analysis.

Conclusions {#S0005_29738}
===========

This paper highlights the importance of understanding the demographic and social determinants, as well as the sub-national differences in modern postpartum contraception use in Ethiopia, Malawi, and Nigeria. There were effects by age group, but no significant variation by marital status, parity (with the exception of Ethiopia), or birth interval. There are pervasive equity issues in the use of postpartum family planning by education level, place of residence, and wealth quintile, but postpartum family planning behaviours seem more connected to the nexus of service delivery. In this study, opportunistic contacts with the health system through childbirth in facilities and child immunisation were significantly associated with the adoption of postpartum family planning and thus potentially represent the greatest currently missed opportunities for integration.
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> Previous analyses have demonstrated increased neonatal, infant, and child mortality with short preceding birth spaces. This relationship has been estimated as an average or adjusted average increased risk across all births; however, women who have short spaces between births tend to be different from women with longer spaces. Among those instances where a comparison of birth spaces within mother was possible, we estimated the effect of short birth spaces on these mortalities and found a reduced, although still significant, effect.

There is an extensive literature linking family planning programmes, contraceptive use, fertility, and the health of infants and young children. Many studies have found a strong association between increasing use of contraceptives or reduced fertility and decreases in child mortality. One explanation of this relationship has been that as women have access to contraceptives, their children are born in different circumstances more favourable for survival ([@CIT0001_29724]).

Circumstances at birth conferring excess risk that also tend to decline with increasing contraceptive use have been broadly defined by three categories: age of mother (young and old age), birth parity (first births and higher parity births), and short intervals of time between births or pregnancies (less than 24 or 18 months between births). There has been considerable effort to quantify the risk associated with these factors. In general, analyses to estimate relative risk have proceeded by comparing birth outcomes among various groups with observational data. These different birth conditions have been repeatedly linked to increased poor birth outcomes (e.g. low birth weight, prematurity, small for gestational age) using information from trial results and analysis of facility-based data ([@CIT0002_29724]--[@CIT0004_29724]).

For most low- and middle-income countries, analyses have generally used national household survey data with full retrospective birth histories \[mostly Demographic and Health Surveys (DHS), but also some Multiple Indicator Cluster Surveys (MICS)\] to link birth conditions and poor maternal and child health. Surveys have reasonable accuracy when it comes to their recorded birth histories and the real timing of births ([@CIT0005_29724]). However, surveys do not generally measure clinical conditions well, and so these analyses primarily link birth risk categories to the risk of mortality, including neonatal, infant, and under-five mortality. For example, mortality in children born to women under 18 has been compared to mortality in children born to women aged 18--34 and shown to be generally higher; mortality in children born to women 35 or older has also been shown to be higher than for children born to mothers aged 18--34 at birth.

The association between these factors and increased child mortality is not necessarily causal or attributable. Associations could be confounded by other factors, such as differences between mothers who have births with these conditions or circumstances that cause both short interbirth intervals and child mortality, such as limited access to health services, including contraception. In addition, an association could also be explained by women being more likely to use contraceptives and reduce fertility when child mortality has dropped (replacement effect) ([@CIT0006_29724]).

The relationship between birth spacing and mortality is of interest for determining the attributable fraction of child mortality and predicting the impact of related interventions with the Lives Saved Tool (LiST) ([@CIT0007_29724]). Analyses of the association between mortality and birth conditions have often necessarily been conducted with observational data ([@CIT0003_29724]). These studies have attempted to address issues of selection and to control for possible confounding. In an analysis with retrospective birth histories from a selection of DHS, Rutstein and Winter ([@CIT0008_29724]) used Cox proportional hazards by including additional factors such as mother\'s education, wealth quintile, and urban or rural residence as predictors in their proportional hazard regressions of neonatal, infant, and child survival ([@CIT0009_29724]). DaVanzo and colleagues also used Cox proportional hazards for infant and child mortality and their relationship to interpregnancy intervals, including socio-economic status and other factors as predictors ([@CIT0010_29724]). In a recent systematic review, Conde-Agudelo et al. analysed this interpregnancy interval and 57 other similar observational studies examining the relationship between birth spacing and adverse outcomes for maternal, perinatal, and child health. Their inclusion criteria allowed for adjustment for socio-economic status and maternal age, excluding only studies examining the unadjusted relationship (i.e. without any additional predictors) between birth spacing and mortality or other adverse outcome ([@CIT0011_29724]). These analyses are not directly comparable, because their definition of short birth interval and adverse outcomes and their sample populations are not necessarily consistent. However, they share the primary statistical methodology of assessing survival with Cox proportional hazards, and they both make adjustments for potential confounders by including additional factors in these regressions. In general, these analyses have not restricted their sample of births or mothers for analysis.

While in theory this approach eliminates some confounding, such adjustment does not necessarily rule out all possible bias due to related factors. First, there may be confounders that have not been measured or have been poorly measured, for example, access to health services or women\'s empowerment. Second, even confounders that are known and measured may violate model assumptions and lead to biased or imprecise estimates of effect ([@CIT0012_29724]).

Recent work by Kozuki and Walker ([@CIT0013_29724]) used a different approach to control for selection issues in the analysis of birth spacing. They limited analysis to birth histories from women who were over 35 at the time of survey. Then, within those women who had three or more births, they looked for a short-spaced birth and a regular-spaced birth from the same birth history using conditional logistic regression. The purpose of this approach was to eliminate differences between mothers as each mother provided a short-spaced and regular-spaced birth. In this analysis, there was still an increased risk of mortality for the children born with a short space, however, this risk (OR=1.32) was considerably less than had been reported by other analyses. Is the observed increased mortality risk associated with short birth spacing due to differences between mothers? The analyses presented in this paper seek to extend the work of Kozuki and Walker in assessing the sensitivity of the link between short birth spacing and increased risk of mortality in children.

In this paper, we have two primary purposes. First, we investigate the background differences between women who have short birth intervals and those women who do not. Second, we directly compare the standard cross-sectional analysis of mortality risk to the within-mother analysis.

Methods {#S0002_29724}
=======

Data {#S0002-S20001_29724}
----

We used complete birth histories from 145 standard, interim, or continuous DHS household surveys conducted since 1998, including DHS phases III through VI, from 66 unique countries. We included retrospective birth histories from all of these surveys in our analysis of short birth intervals and the women who have children with short birth intervals, while excluding multiple births.

We used these birth histories to assess the potential for confounding in the relationship between short birth intervals and child mortality. To describe women with short birth intervals, we grouped mothers according to their shortest birth interval in four categories (less than 18 months, 18--23 months, 24--35 months, or longer) and summarised the wealth quintile, education, age, and fertility of each group. We also described the observed mortality rates for the children of these women in each category of preceding birth interval.

In addition to assessing the potential for confounding, we also analysed these birth history data to assess mortality risk. For this primary analysis, we also excluded birth histories from women who were younger than 35 when their birth history was recorded, at the time of survey. We limited our analysis to women who were older at survey for several reasons. First, these women are nearing the end of their childbearing years, and so we can estimate their fertility, an additional potential confounder for the effect of birth spacing on mortality ([@CIT0014_29724]). Second, we expect women with complete or nearly complete birth histories to have more information about birth spacing, because they have had more time to have children and variety in their interbirth intervals. Although some women who are younger when surveyed have short-spaced births, there is less information about them, because their fertility cannot be estimated and because there are fewer siblings for comparison.

Statistical analysis {#S0002-S20002_29724}
--------------------

We analysed the relationship between birth spacing and neonatal, infant, and under-five mortality using two approaches. First, we estimated the mortality risk ratio by interbirth interval using a standard regression adjustment for potential confounding factors. We used Cox proportional hazards for mortality (survival) outcomes based on retrospective birth histories, censored at the appropriate age and including mother\'s education in three categories, along with wealth quintile, partner\'s education, need for family planning satisfied, completed fertility, and area of residence (urban/rural) as potential confounders in the regression analysis, described in [Table 1](#T0001_29724){ref-type="table"}. Although the DHS include a great wealth of cross-sectional information for recent births, the same information for retrospective births is not available. Facility delivery and skilled birth attendance, for example, are available only for births in the previous 5 years. Other salient factors, like immunisation coverage or mother\'s HIV status, are not available for birth histories because they are measured at a single point in time. Ideally, we would like to adjust for these factors, if they were available.

###### 

Factors used for adjustment when estimating the effect of birth spacing on neonatal, infant, and child mortality in retrospective birth histories from household survey data

  Factor                           Description
  -------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Wealth quintile                  Five categories (poorest, poorer, middle, richer, richest) of a wealth index based on household assets, household construction materials, and water and sanitation facilities
  Mother\'s education              Educational attainment of mother or caretaker, in six categories: no education, incomplete primary, complete primary, incomplete secondary, complete secondary, and higher than complete secondary
  Area                             Type of place of residence (urban or rural)
  Partner\'s education             Partner\'s education level in five categories: no education, primary, secondary, higher, and unknown
  Family planning need satisfied   Met need for family planning services (yes/no)
  Fertility                        The total number of children born to a woman during her lifetime
  Mother\'s age                    Age of the mother at the time of each birth: 35 and older

In addition to this first approach, we estimated the mortality risk ratio by interbirth interval in a within-mother comparison. We also used Cox proportional hazards for mortality outcomes; however, we stratified by mother to compare mortality only for women who had variety in their interbirth spacing. This second analysis was similar to conditional logistic regression, where mortality outcomes are compared for different outcomes within woman, except that conditional logistic regression estimates odds ratios, while Cox regression estimates mortality rate ratios ([@CIT0009_29724], [@CIT0015_29724]). We used Cox regression to estimate relative neonatal, infant, and under-five mortality.

Stratifying proportional hazards regression matches births within woman and so strictly controls for all factors that are constant for mothers over their childbearing years ([@CIT0016_29724]). There is still potential for confounding in factors that change over time, for example, mother\'s age or access to care. It is also possible that education, area of residence, or socio-economic indicators may change over time. We analysed births only for women whose full birth history was available up to age 35, and so births to women who were younger than 35 at the time of survey are excluded. This disproportionately excludes recent births and births of low parity.

We estimated the effect of birth spacing separately for each survey using these two methods. We then combined these results from multiple surveys in a meta-analysis with random survey effects, weighted by the estimated standard error of the birth spacing effect for each survey, for an overall effect estimate for each method. In addition, we assessed the potential for confounding in the within-mother analysis by examining the association between birth spacing and parity. We also described those births that did not contribute to the second within-mother analysis.

Results {#S0003_29724}
=======

Differences between mothers and births {#S0003-S20001_29724}
--------------------------------------

[Table 2](#T0002_29724){ref-type="table"} describes age, average fertility, socio-economic status, and education of mothers in all 145 surveys classified by their shortest birth interval. Birth interval appears to be correlated with factors that are also associated with child mortality.

###### 

Characteristics of mothers classified by their smallest observed birth interval, as raw averages across 145 surveys in 66 countries since 1998, among women who were at least 35 years of age when surveyed

  Smallest birth interval   Total number of women (thousands)   Mean (SD) age at survey   Mean (SD) fertility   \% in bottom wealth quintile[a](#TF0001_29724){ref-type="table-fn"}   \% with no education
  ------------------------- ----------------------------------- ------------------------- --------------------- --------------------------------------------------------------------- ----------------------
  Only first births         45                                  40.5 (0.6)                1 (na)                12.7 (6.8)                                                            28.9 (26.0)
  \<18 months               205                                 41.7 (0.6)                6.5 (1.3)             22.7 (3.7)                                                            41.6 (30.6)
  18--23 months             151                                 41.1 (0.6)                5.6 (1.1)             21.1 (4.2)                                                            38.8 (30.6)
  24--35 months             134                                 41.0 (0.6)                4.4 (0.8)             17.5 (4.0)                                                            33.8 (29.2)
  ≥36 months                113                                 40.6 (0.7)                2.8 (0.3)             12.3 (5.9)                                                            28.5 (26.8)

Wealth quintile data do not include 1999 survey in Nigeria; na, not applicable.

These analyses reveal the differences that exist between mothers who have short-spaced births compared to those who do not. In general, the women who had at least one birth that came 18 months or less after a preceding birth had lower education, were more often from the poorest wealth quintile, and had higher levels of fertility. These factors, and perhaps others that are unmeasured, have the potential to confound the association between shorter birth intervals and risk of mortality in the children of these women.

[Table 3](#T0003_29724){ref-type="table"} describes births for each chosen category of preceding birth interval. There are over 5 million births recorded by these surveys. Gender and parity do not appear related to birth interval; however, mortality for short intervals is higher than regular or long intervals, as expected.

###### 

Characteristics of births by preceding birth interval in four categories, across 145 DHS since 1998, among women who were at least 35 years of age when surveyed

                   Total number of births (thousands)   \% (SD) male   Average (SD) birth order   Average under-five mortality rate per 1,000 live births (SD)
  ---------------- ------------------------------------ -------------- -------------------------- --------------------------------------------------------------
  First births     645                                  51.5 (1.4)     1 (na)                     128.9 (68.8)
  Birth interval                                                                                  
    \<18 months    332                                  51.4 (1.7)     4.2 (0.7)                  202.2 (83.6)
   18--23 months   406                                  51.1 (1.6)     4.2 (0.6)                  142.4 (71.3)
   24--35 months   789                                  51.0 (1.1)     4.2 (0.6)                  108.8 (58.1)
   ≥36 months      859                                  50.9 (1.2)     4.2 (0.7)                  68.5 (36.6)

Multiple births are excluded; DHS, Demographic and Health Surveys; na, not applicable.

Method comparison {#S0003-S20002_29724}
-----------------

We first compared the crude mortality ratios to the adjusted ratios for both the standard regression adjustment approach and the within-mother analysis using the stratified Cox proportional hazards regression. As can be seen in [Fig. 1](#F0001_29724){ref-type="fig"}a, standard regression-adjusted estimates are similar to the crude neonatal mortality ratios when comparing births with spacing under 18 months to births with spacing of 24--35 months. However, in [Fig. 1](#F0001_29724){ref-type="fig"}b, stratified Cox proportional hazards regression for neonatal mortality estimated a smaller effect of short intervals compared to the crude neonatal mortality ratios. Mortality risk ratios for a preceding birth interval of 18--23 months compared to 24--36 months are also shown in [Fig. 1](#F0001_29724){ref-type="fig"}c and d. The results for these slightly larger birth intervals are less different than those for intervals less than 18 months, although there still appears to be a lower mortality ratio using the within-mother comparison.

![Comparison of crude neonatal mortality rates with those estimated by a standard regression adjustment and by stratifying within mothers. Neonatal mortality ratios are shown for comparing births with preceding interval less than 18 months to 24--35 months \[(a) standard regression and (b) stratified regression\] and for comparing births with a preceding interval of 18--23 months to those with a 24--35-month interval \[(c) standard regression and (d) stratified regression\].](GHA-8-29724-g001){#F0001_29724}

In [Fig. 2](#F0002_29724){ref-type="fig"}, we present the overall estimated risk ratios for neonatal mortality for children born with a preceding birth interval under 18 months and between 18 and 24 months as compared to a birth interval of between 24 and 35 months across 145 DHS. We do this separately for both the standard adjusted regression model and the within-mother Cox proportional hazards model. As would be expected based on the results shown in [Fig. 1](#F0001_29724){ref-type="fig"}, the within-mother comparisons provided smaller estimates of the risk ratios for neonatal mortality than the adjusted regression analyses. For the shortest interbirth interval (less than 18 months), the additional mortality risk was reduced by almost one-third (2.27, 95% confidence interval: 2.18--2.37 vs. 1.57, 95% confidence interval: 1.52--1.58) using the within-mother technique. The estimated effects of birth interval for neonatal, infant, and child mortality are shown in [Table 4](#T0004_29724){ref-type="table"} for both the standard adjustment and within-mother methods. Our interpretation is that the risk ratio estimated within mother is a more accurate measure of the direct relationship between birth intervals and mortality than the risk ratio estimated by the adjusted regression for women over 35 years, because births to the same women have more in common than can be specified by what was available in these cross-sectional survey data.

![Results of the meta-analysis for the effect of birth spacing on neonatal mortality across 145 DHS, using a standard adjustment for a Cox proportional hazard regression, and another Cox regression estimating the effect of birth spacing on neonatal mortality within mother.](GHA-8-29724-g002){#F0002_29724}

###### 

Average neonatal, infant, and under-five mortality risk ratios by preceding birth interval with 95% confidence limits, across 145 DHS since 1998, for women who were at least 35 at the time of survey

  Birth interval         Standard regression adjustment[a](#TF0002_29724){ref-type="table-fn"}   Cox regression stratified by mother
  ---------------------- ----------------------------------------------------------------------- -------------------------------------
  Neonatal mortality                                                                             
   \<18 months           2.28 (2.18, 2.37)                                                       1.57 (1.52, 1.63)
   18--23 months         1.33 (1.27, 1.39)                                                       1.24 (1.20, 0.27)
   24--35 months         (Reference)                                                             (Reference)
   ≥36 months            0.67 (0.64, 0.70)                                                       0.68 (0.66, 0.71)
  Infant mortality                                                                               
   \<18 months           2.31 (2.23, 2.39)                                                       1.53 (1.49, 1.58)
   18--23 months         1.36 (1.32, 1.41)                                                       1.21 (1.19, 1.24)
   24--35 months         (Reference)                                                             (Reference)
   ≥36 months            0.62 (0.60, 0.64)                                                       0.68 (0.66, 0.70)
  Under-five mortality                                                                           
   \<18 months           1.81 (1.75, 1.88)                                                       1.41 (1.37, 1.46)
   18--23 months         1.25 (1.22, 1.28)                                                       1.17 (1.15, 1.19)
   24--35 months         (Reference)                                                             (Reference)
   ≥36 months            0.75 (0.73, 0.77)                                                       0.73 (0.71, 0.75)

Adjusted for wealth quintile, mother\'s education, area (urban or rural), partner\'s education, family planning need satisfied, fertility, and mother\'s age. Birth spacing effects were estimated by Cox proportional hazard regression and separately by another Cox regression estimating the effect of birth spacing on neonatal mortality within mother. DHS, Demographic and Health Surveys.

Investigating possible selection issues of the within-mother comparisons {#S0003-S20003_29724}
------------------------------------------------------------------------

Matching births within-mother controls completely for factors that are constant over a woman\'s childbearing years. Education and socio-economic status, for example, would not be expected to change substantially during this time. Other factors identified for their relationship with child mortality are known to vary significantly during this time period.

There are two possible selection issues that might make the within-mother comparison biased. First, if there is a difference in parity between the short-spaced and regular-spaced births, it could confound the effect of short birth spacing with the association of mortality and parity. To test this possibility, we computed the average parity for each birth in the within-mother analysis for the various interbirth intervals. Not surprisingly, average parity among all births is highly variable across the DHS in this analysis. However, the difference between average parity of short-spaced births and the average parity of regular-spaced births is very small. The average parity of births with preceding space of 24--35 months was 3.76 (range: 2.3--4.6), while the average parity for births with less than 18 months preceding space is 3.82 (range: 2.3--4.7). The average parity for births with 18--24 months preceding space is 3.76 (range: 2.3--4.5). Scatter plots of these average birth orders are shown in [Fig. 3](#F0003_29724){ref-type="fig"}. These findings rule out parity differences as an explanation of the reduced risk ratio found with the within-mother comparison.

![Average parity by survey and for three categories of preceding birth space, for 145 household surveys in 66 countries.](GHA-8-29724-g003){#F0003_29724}

A second possible limitation of the within-mother comparison is that requiring mothers to have both a short- and a regular-spaced birth to contribute to the analysis might result in a biased sample of short-spaced births. This would occur because matching births with short spaces to births with optimal space within mother may exclude some births from analysis, since short-spaced births with no optimally spaced sibling have no potential match and do not contribute to the estimated effect of short birth spacing on mortality. This scenario inevitably arises for some women, for example, women with only two births. Such a woman can only have one birth with an interbirth interval, because first births are not subject to a birth space.

In order to assess this possible source of bias, we compared the total number of short-spaced births among women who were at least 35 years old at survey to the number that were used in the within-mother comparison. Of 2.4 million births to women surveyed at 35+years, there were 0.74 million with a preceding space less than 24 months. Overall, 0.69 million (93%) of these births had siblings who were not subject to a short preceding birth interval, and so were matched within-mother and contribute to analysis.

While overall the percent of births lost due to matching within mother is low, some surveys were more likely to exclude births than others. The 2007 Ukraine Survey, for example, has the lowest percent of matched short-spaced births (45%), so that more than half of all short-spaced births to women surveyed at 35+ years from this survey were not contributing to analysis. [Figure 4](#F0004_29724){ref-type="fig"} shows the distribution of the percent of short-spaced births with eligible matches for all 145 surveys in our analysis.

![Percentage of short-spaced births that could be matched to another birth for the same mother, in the Cox regression analysis stratified by mother. This percentage is shown for each of 145 household surveys.](GHA-8-29724-g004){#F0004_29724}

This analysis suggests that overall the within-mother technique seems to provide a strong representation of short-spaced births to women who were 35 or older at the time of survey. The vast majority of surveys found that over 90% of short-spaced births could be matched with a regular-spaced birth. The one limitation is that for countries with low fertility such as Ukraine, the percent of matches is reduced and here the risk ratios estimated by the within-mother comparison may not be representative of all short-spaced births to women surveyed at 35 or older.

Discussion {#S0004_29724}
==========

We estimated the effect of preceding birth interval in four categories on the risk of neonatal, infant, and under-five mortality with recent household survey data from 66 countries. We found ample evidence of a potential for confounding factors when estimating the relationship between birth spacing and mortality in these survey data. We then estimated the relative neonatal, infant, and under-five mortality risks based on two different methods: first, to replicate how this relationship has been determined historically, by including available factors in a proportional hazards regression and, second, with mothers as a unit of stratification among women 35 years and older at survey. Our assumption was that using mothers as strata would be a more efficient method to control for confounders, and the resulting effect estimate would be closer to a direct effect, since this analysis controls for all factors that are constant over a woman\'s childbearing years. Both this and the former regression adjustment method clearly indicated a statistically significant effect of birth spacing on child mortality. However, the effect estimated by the within-mother analysis was approximately 30% smaller than that estimated with the adjusted regression for neonatal mortality, strongly indicating that there is confounding in the regression-adjusted estimate. Rutstein and Winter ([@CIT0008_29724]) used methods similar to this standard adjustment to estimate relative mortality rates by birth-to-conception intervals, with an overall risk ratio for under-five mortality of 3.24 (95% confidence interval: 3.12--3.36) for a birth-to-conception interval less than 6 months and 2.33 (95% confidence interval: 2.25--2.42) for an interval of 6--11 months ([@CIT0008_29724]). Although the intervals used in our analysis are not exactly comparable, as we used interbirth time among women aged 35 at survey, we estimate the under-five mortality risk ratio for an interbirth interval less than 18 months to be 1.41 (95% confidence interval: 1.37--1.46).

We found a similar effect for our restricted sample with a standard adjustment method (2.28 for an interbirth interval of 18 months) to that found in a similar unrestricted analysis by Rutstein and Winter ([@CIT0008_29724]) (2.33 for a birth-to-conception interval of 6--11 months). The within-mother analysis effectively controls for some factors, although there is still potential for confounding by factors that change for individual women over time. There is no evidence among these survey data, however, that parity is different for different categories of birth spacing, and so parity has little to no potential to confound the effect of birth spacing on mortality.

Limitations {#S0005_29724}
===========

We restricted our sample to women who were older at the time of survey, and so some births to young women were excluded. In addition, we were not able to include all short-spaced births in the within-mother analysis, because even among women providing birth histories at 35 years or older, not all births had appropriate matches, that is, births by the same mother that were not short-spaced. This was especially true for surveys or countries with low fertility rates. However, we expect that countries with low fertility are also in general countries with lower neonatal and child mortality. Thus excluding births primarily from low-fertility areas may be biased away from the null to estimate an effect larger than the direct effect. In addition, the overwhelming majority of surveys contributed at least 90% of all short-spaced births reported in the birth histories from older women. Finally, due to the matching and restriction of birth history information to older women, we were unable to generalise our results to the entire sample of interest.

Conclusions {#S0006_29724}
===========

An estimate of the causal relation between birth spacing and neonatal, infant, and under-five mortality is of interest for determining the attributable fraction of child mortality and predicting the impact of interventions with the LiST software. A strong and statistically significant effect has consistently been identified of short preceding spaces on increased child mortality. Using matching and restriction, our study indicates an approximately one-third reduction in the risk of neonatal mortality. We present an alternative comparison of preceding birth spaces within women 35 years and older to estimate a still significant but less strong effect.
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